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ABSTRACT	
	
	
	Food	waste	is	a	pervasive	issue	plaguing	our	modern	society	that	demands	immediate	worldwide	attention.	With	increasing	awareness,	organizations	and	community	members	are	slowly	beginning	to	create	change.	Municipalities	and	institutions	all	over	the	world	are	developing	a	variety	of	financial	incentives	and	mechanisms,	as	well	as	creating	new	policy,	to	also	find	ways	to	combat	the	problem.				 This	study	examines	the	University	of	Illinois	at	Urbana-Champaign	(UIUC)	and	its	institutional	efforts	to	reduce	and	divert	food	waste	from	the	landfill.		Data	was	gathered	via	in-depth	interviews	with	numerous	university	departments,	dining	hall	management	and	staff,	students	and	outside	organizations.	Based	on	quantitative	information	gathered	from	the	interviews,	cost-benefit	analyses	of	each	of	the	reduction	and	diversion	systems	currently	utilized	at	UIUC	are	highlighted.	Through	a	separate	research	assistantship	over	the	course	of	graduate	study,	comprehensive	waste	audits	with	the	U.S.	Army	Corps	of	Engineers	Research	and	Development	Center	(ERDC)	were	conducted	at	military	installations.	These	waste	audits	have	led	to	several	more	projects,	emphasizing	alternative	technologies,	specifically	regarding	waste-to-energy	conversion.	Comparative	efforts	at	other	universities	along	with	waste	audits	conducted	through	the	assistantship	were	considered,	as	well	as	successes	from	international	case	studies.			
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During	the	course	of	this	study,	methods	for	effectively	reducing	and	diverting	food	waste	have	been	found.	Further	analyses	of	the	benefits	of	waste-to-energy	technologies,	why	attempts	have	not	yet	been	successful	at	UIUC,	and	what	this	outcome	means	moving	forward	are	also	discussed.	Overall,	a	combined,	collaborative	approach	leads	to	a	more	advantageous	environmental,	economic	and	social	outcome	for	everyone.								
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CHAPTER	1:	INTRODUCTION		
1.1		 Summer	in	the	Dumps	(or	preliminary	discovery	and	interest)		In	the	summer	of	2015,	I	performed	my	first	waste	audit.	The	experience	of	digging	through	trash,	particularly	food	trash,	is	not	very	different	from	what	one	might	imagine.	On	our	first	day,	we	sat	in	the	back	of	a	military	dining	facility	(DFAC)	through	all	of	the	meals	(i.e.	breakfast,	lunch,	dinner).	We	examined	both	pre-	and	post-consumer	waste.	Upon	looking	at	our	looks	of	disgust,	my	supervisor	said	we	should	not	consider	what	we	were	sorting	“gross”	as	compared	to	what	was	yet	to	come	(Figure	1.1).			
	
Figure	1.1:	Conducting	a	waste	characterization	audit	in	Fort	Leonard	Wood,	MO.	Source:	Steve	
Sherman,	2015.		Most	of	the	discarded	items	were	food	waste.	The	DFAC	had	a	pulper,	so	the	food	was	ground	near	the	kitchen	sink	before	getting	piped	and	dumped	into	a	handcart	style	garbage	can	(a	pulper	is	similar	to	a	garbage	disposal	in	how	it	grinds	up	food).	This	
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particular	kitchen	also	allowed	non-food	items,	such	as	plastics	and	aluminum,	to	go	through	the	pulper.	Since	the	food	was	not	destined	for	compost	or	any	other	organic	purposes,	the	kitchen	staff	were	not	given	any	specific	guidance	on	what	should	(or	should	not)	go	into	the	pulper	besides	the	customary	instructions	provided	by	the	company	(i.e.	no	large	bones,	fibrous	material,	etc.).	The	post-consumer	food	included	a	considerable	amount	of	items	that	would	have	been	considered	suitable	for	human	consumption.	For	example,	I	recall	opening	two	or	three	entire	garbage	bags	full	of	individually	wrapped	sandwiches.	There	were	also	large	vats	of	rice	and	other	homogenous	items	that	could	have	been	saved	for	donation.			Later	that	summer,	I	had	the	opportunity	to	audit	a	commissary	(the	military’s	term	for	grocery	store).	I	found	six	large	dumpsters	in	the	back	of	the	store.	One	container	was	filled	entirely	with	unopened	bags	of	potato	chips.	The	“best	if	used	by”	date	was	approaching	within	the	coming	week.	Other	dumpsters	contained	unopened	pre-made	vegetable	and	fruit	trays,	non-rotten	produce,	rotisserie	chickens,	and	much	more.			My	experience	performing	waste	audits	at	particular	building	types	on	military	installations	are	similar	to	what	one	would	expect	to	find	in	a	town	or	a	city.	Though	the	place	may	vary	drastically	based	on	size,	climate,	demographic	makeup,	etc.,	there	are	building	types	each	with	a	similar	intended	use.	Thirty	one	percent	of	waste	happens	at	the	retail,	food	service	and	household	levels	(USDA-ERS,	2010).	In	order	to	reduce	this	amount,	more	attention	should	first	focus	on	the	retail	and	food	service	sectors	within	large-scale	institutional	settings	(i.e.	universities,	military	installations,	prisons,	K-12	schools,	senior	
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living	communities,	etc.).	By	starting	at	the	institutional	level,	systems	are	already	in	place	to	measure	effectiveness,	training	of	staff	is	a	requirement,	and	directives	can	be	set	to	provide	guidance.	If	institutions	take	the	lead,	consumers	and	restaurants	may	be	next	to	follow.		This	study	provides	a	demonstration	of	the	waste	solutions	that	the	University	of	Illinois	at	Urbana-Champaign	(UIUC)	utilized	in	order	to	divert	more	food	waste	from	the	landfill.	Fortunately,	being	a	large	research	institution	has	its	advantages,	and	one	of	those	is	the	opportunity	to	use	the	university	as	a	living	lab.	There	is	also	the	potential	for	greater	access	to	capital	that	other	(smaller)	institutions	may	not	have	by	means	of	grants,	student	fees,	government	incentives	and	other	funding	sources	that	come	with	being	a	land-grant	institution.	This	report	will	identify	the	different	technologies,	funding	sources,	and	costs/benefits	associated	with	each.	I	will	also	discuss	other	waste	diversion	technologies	that	are	not	in	current	use	at	UIUC	but	may	also	offer	advantages	to	the	institutional	consumer.			Research	problem:	Evaluation	of	the	economics	of	technology	systems	that	aid	in	the	reduction	of	food	waste	in	an	institutional	setting	while	also	considering	the	environmental	and	social	value.	
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CHAPTER	2:	METHODOLOGY	
	
	
2.1	 Literature	Review	Several	books	and	academic	papers	were	reviewed	to	better	understand	the	extent	of	the	problem	both	on	the	global	scale	as	well	as	at	the	institutional	level.	Prior	research	is	limited	in	regards	to	institutional	food	waste.	The	emphasis	appears	to	focus	more	on	the	production	and	the	consumer	sides	of	the	food	system	(Schneider,	2013).	However,	solid	waste	management	as	a	whole	has	been	studied	at	universities	and	other	institutions.	The	reason	for	this	is	multi-layered.	Studying	waste	in	higher	learning	institutions	leads	to	several	residual	effects,	such	as	likelihood	of	adoption	by	surrounding	communities,	informal	training	in	best	practices	for	students,	and	the	autonomy	that	universities	have	in	managing	their	own	waste	(Armijo	de	Vega,	2008;	Mbuligwe,	2002).	Comparative	efforts	at	other	universities	were	also	considered	for	this	reason,	as	well	as	successes	from	international	case	studies	(Appendix	A).		
2.2	 Research	at	Construction	Engineering	Research	Laboratory	Through	a	separate	research	assistantship	over	the	course	of	graduate	study,	several	extensive	waste	audits	with	the	U.S.	Army	Corps	of	Engineers	Research	and	Development	Center	(ERDC),	located	in	Champaign,	Illinois	(CERL),	have	been	performed.	These	waste	audits	have	led	to	several	more	projects,	emphasizing	alternative	technologies,	specifically	regarding	waste-to-energy	conversion.	The	result	of	the	audits	and	the	findings	have	led	to	further	study	and	the	creation	of	Integrated	Solid	Waste	Management	Plans	for	each	of	the	installations	studied	world-wide.		
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Figure	2.1:	Sorting	food	waste	in	the	bucket	system	during	a	waste	characterization	audit,	Fort	
Huachuca,	AZ.	Source:	Louis	Cruz,	2015.			
	
Figure	2.2:	Conducting	a	waste	audit,	Fort	Huachuca,	AZ.	Source:	Heidi	Howard,	2015.		 	
2.3	 Interviews	Data	was	gathered	via	in-depth	interviews	with	multiple	university	departments,	dining	hall	management	and	staff,	students	and	outside	organizations.	Through	informal	and	semi-structured	interviews,	information	was	obtained	from	each	level	of	the	waste	
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system.	A	comparison	was	made	between	the	processes	of	food	waste	disposal	at	UIUC	in	relation	to	food	waste	disposal	from	dining	halls	at	Purdue	University.			Based	on	quantitative	information	gathered	from	the	interviews,	cost-benefit	analyses	of	two	of	the	reduction	and	diversion	systems	currently	utilized	at	UIUC	are	highlighted.	The	managers	of	the	dining	halls,	the	Student	Sustainable	Farm	and	upper	management	at	UIUC	Housing	Dining	Services	comprised	the	majority	of	the	qualitative	analysis	formed	from	the	interviews.		Contact	was	made	with	several	dining	hall	managers	at	UIUC.	Some	of	the	managers	varied	from	what	was	described	on	the	website.	In	part,	this	was	due	to	high	turnover	(personal	communication,	2015),	but	also,	it	could	have	been	a	result	of	the	website	not	getting	updated	often	enough.	Some	managers	refused	to	talk	unless	approval	was	first	obtained	from	upper	management	(approval	was	never	received,	hence,	not	all	managers	were	willing	to	meet).	From	the	few	managers	who	were	willing	to	meet	anonymously,	a	fear	of	upper	management	was	described.	If,	for	example,	food	service	staff	wasted	too	much	food,	they	could	be	reprimanded	or	fired.	Some	food	service	staff	spoke	of	the	fear	in	adding	their	name	in	the	Lean	Path	system	next	to	wasted	food.			Interviews	with	upper	management	revealed	the	systems	used	to	track	where	and	how	wastage	occurs	as	well	as	diversion	technologies	already	in	place.	These	systems	are	the	basis	for	the	results	and	discussion	that	follow.	The	Student	Sustainable	Farm	manager	
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provided	further	detail	as	to	how	the	partnership	with	Busey-Evans	Dining	Hall	works	in	regards	to	university	composting.			Copies	of	dining	hall	food	waste	audits	for	the	years	2015	and	2010	were	obtained	(Appendix	D	and	E).	Additionally,	the	interviews	with	upper	management	prompted	an	additional	waste	audit	near	the	end	of	the	period	of	study.	These	waste	audits	were	invaluable	in	evaluating	and	comparing	actual	costs	for	the	systems	in	place	and	potential	future	systems.			A	tour	of	the	wastewater	treatment	plant	(WWTP)	in	West	Lafayette,	IN	took	place	in	January	2016,	and	an	interview	took	place	with	one	of	the	facility	managers.	Purdue	University	dining	halls	and	other	local	food	service	providers	participate	in	a	partnership	with	the	local	WWTP	by	hauling	food	and	oil	waste	to	the	WWTP	for	anaerobic	digestion	instead	of	the	landfill.	UIUC	does	not	participate	in	a	similar	partnership	with	the	Urbana	Champaign	Sanitary	District	(UCSD),	but	the	dining	halls	on	campus	do	have	digesters	(EnviroPure)	that	are	aerobic	as	compared	to	anaerobic;	however,	in	both	cases,	the	product	passes	through	the	WWTP.			One	of	the	final	meetings	coordinated	was	a	round	table	discussion	with	various	stakeholders	all	interested	in	furthering	campus	sustainability.	This	meeting	included	the	head	of	sustainability	on	campus,	an	adjunct	environmental	law	professor,	several	environmental	engineers,	the	on-campus	materials	recovery	facility	(MRF)	manager,	and	some	others.	The	discussion	was	specific	to	all	types	of	non-hazardous	waste	but	leaned	
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heavily	towards	food	waste	since	it	is	the	largest	barrier	the	university	has	in	reducing	emissions	and	waste	tonnage	to	the	landfill.	
	 	
	 9	
CHAPTER	3:	RESULTS	
	
	
3.1	 The	Process	from	Tip	to	Tail	In	2008,	UIUC	signed	the	American	College	&	University	Presidents’	Climate	Commitment.	By	agreeing,	the	university	committed	to	becoming	a	carbon	neutral	university	as	soon	as	possible,	but	no	later	than	2050.	UIUC	created	the	Illinois	Climate	Action	Plan	(iCAP)	in	2010	to	begin	outlining	the	actions	and	steps	necessary	in	order	to	accomplish	this	goal.		Two	of	the	steps	outlined	address	waste	and	food	separately.	Steps	number	five	(Purchasing,	Waste	and	Recycling)	and	six	(Agriculture,	Land	Use,	Food	and	Sequestration)	both	acknowledge	campus	waste	is	a	problem	(Step	5)	and	food	services	utilizes	a	significant	amount	of	resources	(Step	6).	Neither	category	specifically	addresses	food	waste	or	acknowledges	the	issue	at	hand.	Step	5	suggests	the	need	to	reduce	municipal	solid	waste	(MSW)	going	to	landfills,	but	it	then	primarily	focuses	on	recycling	efforts	and	reduction	of	nondurable	purchases.	Step	6	mentions	that	the	food	service	carbon	footprint	on	campus	should	be	further	examined	and	local	food	procurement	is	important	(Easter,	2015).			In	2011,	University	Housing	created	the	Housing	Sustainability	Council.	This	group	meets	regularly	to	review	internal	operations	in	order	to	assist	Housing	in	operating	more	financially	and	environmentally	sustainable.	They	are	also	charged	with	building	awareness	and	creating	educational	materials	for	University	Housing	employees.	
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	In	2013,	the	U.S.	Department	of	Agriculture	(USDA)	and	the	U.S.	Environmental	Protection	Agency	(EPA)	developed	the	U.S.	Food	Waste	Challenge	to	encourage	organizations	to	reduce	and	divert	food	waste.	The	EPA	suggests	following	the	food	recovery	hierarchy	(Figure	3.1),	a	visual	tool	for	institutions	to	follow	in	order	to	determine	how	best	to	recover	food	waste	from	going	to	landfill.	At	UIUC,	University	Housing	Dining	Services	(UHDS)	participates	in	the	EPA	Food	Recovery	Challenge	(FRC),	which	falls	under	the	umbrella	challenge	set	by	the	USDA	and	EPA.	By	participating	in	the	FRC,	UHDS	commits	to	exploring	different	diversion	strategies	and	pledging	to	set	annual	waste	reduction	goals.	Both	USDA	and	EPA	have	tools	available	online	to	make	it	easier	for	organizations	to	reduce	and	divert	food	waste.			
	
Figure	3.1:	EPA	Food	Recovery	Hierarchy.	Source:	U.S.	EPA,	2016.	
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		 	UHDS	covers	all	of	the	dining	halls	and	internal	catering	on	campus.	There	are	six	dining	halls	in	total	(Figure	3.2),	plus	one	catering	division.	The	dining	halls	are	accessible	at	multiple	times	during	the	day	depending	on	the	location.	Each	dining	hall	is	considered	an	“all-you-care-to-eat”	establishment.	Students	and	guests	are	able	to	pay	using	meal	plan	credit,	i-card	cash	(also	known	as	Illini	Cash),	as	well	as	by	credit	card.			
Figure	3.2:	Location	of	university	housing	dining	halls.	Source:	Google	Maps,	2016.		
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The	dining	hours	of	operation	try	to	be	as	convenient	as	possible	for	students.	If	one	dining	hall	is	closed,	at	least	two	to	three	others	are	open.	Figure	3.3	shows	the	coverage	of	each	dining	hall.	The	only	time	dining	is	unavailable	is	between	the	hours	of	12	AM	and	6	AM.		
	 	
	 	
	 	
Figure	3.3:	Breakfast	is	indicated	by	orange	(								);	lunch	is	blue	(								);	dinner	is	purple	(								);	and	the	
after-dark	meal	is	green	(							).	Lighter	values	of	the	same	colors	are	times	when	the	dining	hall	is	still	
open	between	main	meals,	typically	for	a	la	carte.		
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After	diners	are	finished	eating	within	the	dining	hall,	customers	are	instructed	to	bring	dishes,	silverware,	and	any	leftover	food	to	the	dishwashing	line.	At	several	of	the	dining	halls,	this	consists	of	a	window	unit	with	a	rotating	conveyor	belt	that	holds	a	tray	system.	Diners	load	the	trays	with	discarded	items,	and	then	kitchen	staff	standing	by	on	the	other	side	of	the	window	receives	the	items.	Figures	3.4-3.6	visually	describe	the	process.		
	
Figure	3.4:	Diners	bring	plates,	silverware,	glasses	and	waste	to	a	rotating	depository	(as	shown).	
Source:	Angela	Urban,	2016.		
	 14	
	
Figure	3.5:	Note	the	little	amount	of	food	on	the	line.	This	is	a	tray-less	system;	therefore,	trays	shown	
are	only	used	at	the	rotating	depository.	Source:	Angela	Urban,	2016.	
		
	
Figure	3.6:	On	the	other	side	of	the	repository,	kitchen	staff	standby	to	separate	dinnerware	and	
discard	of	unwanted	food	items.	Source:	Angela	Urban,	2016.		UHDS	uses	the	EPA	hierarchy	in	its	own	path	to	food	waste	recovery.	The	top	priority	in	the	EPA	hierarchy	is	to	first	reduce	at	the	source.	UIUC	housing	does	this	by	a	number	of	methods,	which	are	listed	in	order	of	highest	potential	for	diversion	and	reduction.	The	information	that	follows	is	listed	to	coincide	with	the	EPA	food	recovery	hierarchy	(Figure	3.1).	Each	category	summarizes	costs	and	benefits	associated	with	each,	
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and	two	categories	in	particular	go	into	more	detail	since	more	information	was	obtainable	(i.e.	EnviroPure	and	Vermicomposting).	Figure	3.7	visually	describes	the	process	in	a	simplified	manner.	There	are	six	University	Housing	dining	halls;	five	utilize	an	aerobic	digester	known	as	EnviroPure	(discussed	in	further	detail	in	Sections	3.1.4	and	4.1.4)	that	breaks	down	the	food	and	sends	through	the	sewage	system	to	the	wastewater	treatment	plant	(WWTP).	The	other	dining	hall	partners	with	the	Student	Sustainable	Farm	(SSF)	for	vermicomposting	(discussed	in	detail	in	Sections	3.1.5	and	4.1.5).	All	dining	halls	send	some	food	waste	to	the	on-campus	materials	recovery	facility	(MRF)	where	it	is	then	hauled	to	the	Brickyard	Landfill,	located	in	Danville,	Illinois.		
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Figure	3.7:	Process	map	indicating	how	the	majority	of	food	waste	is	discarded	at	the	dining	halls.	
Processes	not	shown	include	food	donation	for	humans	and	animals,	but	it	is	addressed	more	
specifically	in	Sections	3.1.2,	3.1.3,	4.1.2	and	4.1.3.	Source:	Angela	Urban,	2016.						
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3.1.1	 Source	Reduction	3.1.1.1	Waste	Audits		The	first	known	post-consumer	food	waste	audit	conducted	at	UHDS	took	place	in	2008.	At	the	time	of	the	study,	both	food	and	liquid	waste	were	measured.	The	result	became	the	baseline	comparison	for	subsequent	dining	hall	food	waste	audits.	In	Appendix	C,	a	presentation	prepared	by	UHDS,	includes	data	from	the	initial	waste	audits.		Upper	management	at	UHDS	directs	dining	halls	to	complete	waste	audits	on	occasion,	roughly	once	per	year.	While	in	the	interview	process	for	this	study,	management	began	conducting	another	waste	audit.	As	a	researcher,	visits	to	various	dining	halls	were	allowed	with	an	upper	management	staff	member	to	see	how	the	audits	were	conducted.			The	waste	audits	were	performed	internally.	This	means	that	dining	hall	staff	conducted	the	audit	rather	than	having	another	entity	perform	the	audit.	At	each	dining	hall,	the	staff	had	access	to	a	clipboard	set	up	next	to	a	scale	(Figure	3.8).	Dining	hall	managers	directed	staff	to	weigh	and	annotate	all	pre-	and	post-consumer	waste	before	sending	it	to	the	variety	of	waste	containers	(i.e.	either	the	EnviroPure	digester,	compost	bin,	or	the	waste	collection	bins).	In	some	cases,	the	clipboard	appeared	to	be	in	use	and	properly	filled	out,	and	in	other	cases,	it	was	missing	information	or	forgotten	altogether.			
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Figure	3.8:	The	process	for	conducting	a	waste	audit	includes	a	scale	and	a	spreadsheet	to	record	
weights	and	times.	Source:	Angela	Urban,	2016.	
		 Costs:	Takes	time	and	resources	away	from	other	staff	responsibilities	(if	performed	internally,	such	as	in	this	situation).	Benefits:	Involves	everyone	in	the	process,	allows	the	bigger	picture	to	take	shape.		3.1.1.2	Food	Order	Tracking	and	Monitoring	Software	CBORD	(acronym	unspecified)	is	a	food	and	nutrition	management	software	solution	that	is	used	by	colleges	and	universities,	healthcare	facilities,	supermarkets,	senior	living	communities	and	other	corporate	markets	throughout	the	world.	UHDS	utilizes	the	CBORD	software	in	order	to	create	meal	plans	and	order	food	based	on	number	of	expected	people,	which	in	turn,	is	linked	to	inventory	and	purchasing	decisions.		
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	Upper	management	is	able	to	go	into	the	software	system	and	monitor	exactly	what	has	been	ordered	and	by	whom.	At	the	individual	dining	halls,	managers	display	weekly	and	monthly	summaries	on	a	corkboard	for	all	staff	to	see	what	inventory	is	available	and	what	meal	plans	are	intended	with	each	food	purchasing	decision.	For	example,	if	there	were	600	lbs	of	chicken	breasts	ordered	in	the	month	of	October,	it	is	intended	for	specific	meals.	If	there	is	excess	uncooked	chicken	at	the	end	of	those	intended	meals,	chefs	and	dining	managers	can	see	how	much	is	leftover	and	can	use	that	inventory	to	create	new	meals	plans	before	ordering	more	chicken	breasts.		This	system	leads	to	more	informed	decisions,	less	cost,	and	ultimately,	less	waste.				Costs:	Annual	fees	not	disclosed.		Benefits:	Everyone	is	able	to	monitor	and	track	current	and	historic	inventory	in	order	to	make	better	purchasing	decisions	in	the	future.		3.1.1.3	Tray-less	Dining	One	of	the	first	initiatives	the	director	of	UHDS	at	UIUC,	Dr.	Dawn	Aubrey,	pushed	to	change	was	the	transition	to	a	tray-less	dining	system.	The	tray	refers	to	the	item	used	by	the	customer	on	the	cafeteria	line	to	carry	the	plates,	cups	and	other	goods.	Going	tray-less	was	fully	implemented	within	two	years,	between	2008-2010.	When	diners	enter	the	food	line	without	a	tray,	they	begin	to	only	take	enough	food	that	they	can	carry	in	their	hands.	Rather	than	the	large	trays	sometimes	seen	in	cafeterias	and	institutional	settings,	using	a	tray-less	system	reduces	the	amount	of	waste	by	nudging	diners	to	make	more	realistic	
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choices	based	on	what	they	can	reasonably	carry	in	one	or	two	trips.	Several	studies	have	shown	that	tray-less	dining	significantly	reduces	plate	waste	and	cost	(Thiagarajah	and	Getty,	2013).	Researchers	found	that	a	tray-less	system	can	reduce	plate	waste	up	to	30%	per	person.	Figure	3.9	shows	the	difference	in	size	between	tray	and	tray-less	systems.			Tray	system	(prior	to	Fall	2010)	
	 	Tray-less	system		(after	Fall	2010)	
	 	
Figure	3.9:	Choosing	to	go	tray-less	significantly	reduced	portions	sizes.	For	example,	in	the	column	
showing	the	chicken,	the	difference	in	weight	was	10lbs.		Source:	UHDS,	2011.		Costs:	There	would	have	been	a	cost	to	purchase	the	trays	initially	(amount	undisclosed).	It	is	unknown	what	happened	to	the	trays	once	the	old	system	was	fully	phased	out,	but	there	would	have	been	a	secondary	cost	if	trays	were	sent	to	landfill.	Benefits:	Significant	reduction	in	per	person	waste	for	each	meal.			
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3.1.1.4	Waste	Monitoring	Software	LeanPath	is	the	software	system	that	allows	line	cooks	and	management	to	categorize	the	types	of	waste	(i.e.	trimmings	from	veggies,	spoilage,	over-production).	It	consists	of	a	“smart”	scale	and	built-in	camera	that	stores	the	weight	and	image	along	with	the	reason	selected	by	the	user	in	an	online	database.	Once	food	waste	is	weighed,	it	is	then	sent	to	another	system	for	disposal.		(i.e.	EnviroPure	or	ZeroPercent).	Management	can	select	to	review	summaries	monthly,	quarterly	and/or	annually	based	on	a	tiered	fee	system.	They	can	see	exactly	who	enters	the	information,	where	along	the	line	it	was	wasted,	and	why.	Similar	to	CBORD	reports,	management	shares	information	with	staff	by	displaying	reports	on	the	kitchen	corkboard.			 UHDS	is	under	contract	with	Lean	Path.	Through	this	system,	Lean	Path	provides	quarterly	and	annual	statements	to	upper	management	which	tracks	the	food	waste	specific	to	each	dining	hall.	Upper	management,	in	turn,	shares	information	with	the	respective	dining	hall	managers	in	order	to	reduce	costs	and/or	identify	problem	areas.	In	Figure	3.10,	an	educational	poster	found	in	one	of	the	back-of-house	dining	halls	is	shown.	The	less	depth	of	the	serving	pan,	the	less	waste	accumulated	at	the	end	of	the	meal.	However,	line	cooks	have	to	find	a	balance	between	using	too	shallow	of	a	pan	for	popular	items	and	pans	that	are	too	deep	for	less	popular	items.	
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Figure	3.10:	Educational	poster	found	in	kitchen	area	of	dining	hall	on	campus.	Low	depth	pans	
(shown	in	left	column)	are	used	more	often	to	reduce	food	staying	on	dining	line.	Source:	Angela	
Urban,	2016.	
		 Costs:	$8,988	annual	operational	cost	with	annual	maintenance	included	(total	includes	all	six	dining	halls).	Benefits:	Tracking	food	waste	on	a	consistent	basis	by	food	type,	the	reason	the	food	was	discarded	and	from	where	may	help	minimize	food	costs	and	future	food	waste.							
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3.1.2	 Feed	Hungry	People	Next	in	the	EPA	food	recovery	hierarchy	is	feeding	hungry	people	via	food	banks,	soup	kitchens	and	pantries.	In	Champaign	County,	there	are	nearly	30-documented	food	pantries	and	soup	kitchens	(Eastern	Illinois	Foodbank,	2016).		3.1.2.1	Food	Donation	App	Zero	Percent	is	the	food	donation	software	system	that	connects	dining	hall	managers	to	human	donation	programs.	Raj	Karmani,	2012	Computer	Science	alumni	of	UIUC,	created	an	app	that	connects	dining	halls,	cafeterias	and	restaurants	to	local	non-profit	groups,	such	as	local	food	banks	and	soup	kitchens.			In	Urbana-Champaign,	there	is	no	cost	to	the	non-profits	who	choose	to	participate.	The	price	is	based	on	location.	The	eating	establishment	pays	$50	per	month	to	have	access	to	the	app	and	dashboard.	The	latter	allows	the	user	to	track	how	much	food	they	have	donated	through	the	program.	In	the	case	of	UIUC,	the	fee	is	based	on	a	discounted	rate	since	there	are	multiple	dining	halls	within	the	institution.	The	non-profit	groups	receive	a	text	message	or	alert,	notifying	them	of	a	pick	up.	It	is	coordinated	through	the	app,	and	the	non-profit	is	responsible	for	doing	the	actual	pick	up.	The	volume	discount	would	be	practical	for	primary	and	secondary	school	districts	as	well.			Currently,	Karmani	is	based	in	Chicago.	Zero	Percent	is	available	to	any	eating	establishment	in	either	city,	and	the	company	plans	to	extend	to	Minneapolis	and	Nashville	
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in	the	near	future.	Karmani	anticipates	further	use	across	the	nation	(personal	communication,	2016).			 Costs:	$4,200	annually	(total	includes	all	six	dining	halls)	Benefits:	Simple	to	use	and	accessible	via	app	on	Smartphone	and	Twitter.		
3.1.3	 Feed	Animals	3.1.3.1	Food	Scraps	to	Local	Animal	Farmers	UHDS	no	longer	feeds	animals,	but	dining	services	used	to	donate	meat	trimmings	and	fat	to	local	farmers	for	the	use	of	bovine	feed	as	a	feed	dust	eliminator.	Since	the	EnviroPure	systems	were	put	in	place,	meat	fat	is	simply	added	to	the	aerobic	digester.		Costs:	Having	to	store	the	meat	fat	in	a	central	location	may	have	been	cumbersome,	though	UHDS	does	have	a	central	storage	house.		Benefits:	By	saving	the	meat	fat	for	animal	feed,	the	product	is	able	to	have	a	second	life	and	provide	more	use	before	getting	sent	through	the	sewage	system.		
3.1.4	 Industrial	Uses	3.1.4.1	Donation	of	Used	Cooking	Oil	Mahoney	Environmental,	based	out	of	Joliet,	Illinois	takes	the	used	cooking	oil	and	uses	it	for	rendering	and	biodiesel	purposes.	Mahoney	used	to	pay	the	university	a	nominal	amount	to	take	the	oil,	but	with	petroleum	prices	being	so	low,	they	now	get	the	oil	for	free.	
	 25	
They	pick	up	every	couple	of	weeks	on	average,	but	this	varies	by	unit.	In	the	past	year,	Mahoney	has	picked	up	65,933	pounds	of	used	cooking	oil.		Previous	to	the	donation	of	used	cooking	oil	to	Mahoney,	the	used	cooking	oil	was	donated	to	UIUC	engineer	students	who	came	up	with	the	Illinois	Biodiesel	Initiative.	In	this	project,	300	gallons	of	oil	was	picked	up	from	UHDS	weekly	and	was	used	to	run	campus	vehicles	in	Facilities	and	Services	(F&S).	The	project	lasted	from	2006	to	2012	(iSee,	2016).			Costs:	There	is	not	a	charge	to	the	University,	nor	does	the	University	charge.		Benefits:	UHDS	does	not	have	to	find	another	way	to	dispose	of	the	used	cooking	oil.		3.1.4.2	Edible	Rubber	Gloves	UHDS	orders	edible	rubber	gloves	for	food	handling	purposes	from	Kimberly	Clark.	Once	soiled,	gloves	are	collected	and	returned	to	Kimberly	Clark.	They,	in	turn,	donate	to	another	company	that	makes	playground	equipment,	park	benches	and	bicycle	racks.	In	fact,	one	of	the	bicycle	racks	was	installed	at	the	Sustainable	Technology	Center	on	campus.		The	highest	volume	of	glove	recycling	in	the	U.S.	happens	here	at	UIUC.	Per	Mike	Ollinger,	the	on-campus	contact	for	glove	recycling,	the	program	is	expanding	due	to	the	high	level	of	success.	All	dining	halls	participate.	Ollinger	is	in	the	process	of	acquiring	an	18-wheel	trailer	to	store	and	haul	the	gloves.	Dining	Services	staff	will	then	be	able	to	bring	the	gloves	to	Kimberly-Clark.	Once	the	program	is	up	and	running,	other	department	on	
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campus	will	be	invited	to	participate.	The	cost	of	transportation	will	be	a	factor,	but	it	is	partly	a	service-learning	project.		Costs:	The	University	does	not	pay	more	for	the	gloves,	and	the	cost	to	store	the	gloves	for	donation	has	been	nominal.	Storage	and	hauling	costs	could	become	a	factor	in	the	future.		Benefits:	By	donating	the	edible	gloves	for	repurposing,	these	daily-use	items	are	kept	out	of	the	landfill.			3.1.4.3	Aerobic	Digestion	There	are	six	EnviroPure	systems	currently	installed	at	five	of	the	dining	halls	on	campus,	plus	one	more	in	use	by	catering.	The	EnviroPure	is	a	wet	aerobic	digester.	This	means	a	proprietary	mix	is	blended	with	the	food	and	water	in	order	to	break	down	the	solid	material	enough	to	send	it	through	the	sewer	system.	EnviroPure	allows	for	all	food	to	go	into	the	system	except	for	wooden	skewers,	large	amounts	of	fibrous	materials	(such	as	pineapple	tops	or	corn	husks)	and	large	bones.	Upfront	costs	are	$63,000	per	digester.	The	purchase	of	each	digester	has	been	spread	out	over	a	period	of	several	years.		The	effluent	(liquefied	food	in	this	case)	is	sent	through	the	city	sewer	system	directly	to	the	wastewater	treatment	plant	(WWTP).	Since	it	is	sent	in	a	liquid,	sludge	form	and	has	already	been	decomposed,	there	is	not	any	further	benefit	to	the	WWTP	in	creation	of	biogas	or	methane	as	it	would	be	if	the	food	were	deposited	directly	to	the	plant.	For	example,	consider	a	person	who	eats	whole	food	versus	someone	who	only	drinks	liquefied	
	 27	
food.	The	body	processes	whole	food	in	a	way	that	is	more	beneficial,	hence	the	reason	people	eat	rather	than	drink	most	meals.			
EnviroPure	(annual	per	system)	 FAR	 IKE	 ISR	 LAR	 PAR	 Total/yr	(40wks)	
Capital	costs	
	 	 	 	 	 	Equipment	(one-time	charge)	 ($63,000)	 ($63,000)	 ($63,000)	 ($63,000)	 ($63,000)	 -$315,000	
Installation	 included	 included	 included	 included	 included	 N/A	
Multiple	Purchase	Discount		 N/A	 $6,300		 $6,300		 $6,300		 $6,300		 $25,200	
Operational	costs	
	 	 	 	 	 	Service	&	maintenance	(annual)	 ($1,500)	 ($1,500)	 ($1,500)	 ($1,500)	 ($1,500)	 -$7,500	
Proprietary	additive	 ($756)	 ($3,588)	 ($1,650)	 ($1,463)	 ($2,023)	 -$9,479	
Additional	utility	consumption	 ($360)	 ($360)	 ($360)	 ($360)	 ($360)	 -$1,800	
Pre-consumer	waste	(lbs)	 10,221	 25,454	 22,656	 17,604	 34,004	 117,517	
Tons	 5	 13	 11	 9	 17	 59	
Savings	in	hauling	 $66	 $165	 $147	 $114	 $221	 $764	
Savings	in	tipping	fees	 $128	 $318	 $283	 $220	 $425	 $1,469	
Post-consumer	waste	(lbs)	 43,800	 230,800	 95,200	 86,880	 110,480	 567,160	
Tons	 22	 115	 48	 43	 55	 284	
Savings	in	hauling	 $285	 $1,500	 $619	 $565	 $718	 $3,687	
Savings	in	tipping	fees	 $548	 $2,885	 $1,190	 $1,086	 $1,381	 $7,090	
Return	on	Investment	(ROI)	
	 	 	 	 	 	AY	1	 ($64,590)	 ($57,279)	 ($57,971)	 ($58,038)	 ($57,838)	 ($295,571)	
AY	2	 ($66,180)	 ($57,857)	 ($59,241)	 ($59,375)	 ($58,975)	 ($301,341)	
AY	3	 ($67,770)	 ($58,436)	 ($60,512)	 ($60,713)	 ($60,113)	 ($307,112)	
AY	4	 ($69,360)	 ($59,015)	 ($61,783)	 ($62,050)	 ($61,250)	 ($312,882)	
AY	5	 ($70,949)	 ($59,594)	 ($63,054)	 ($63,388)	 ($62,388)	 ($318,653)	
Table	3.1:	Cost-benefit	analysis	depicting	the	actual	costs	of	the	EnviroPure	technology	in	comparison	
to	the	associated	landfill	hauling	and	tipping	fee	costs.		Costs:	The	table	above	(Table	3.1)	describes	the	estimate	of	annual	costs	associated	with	each	EnviroPure.	In	2016,	there	were	a	total	of	seven	EnviroPure	digesters	installed	by	UHDS	(one	is	not	shown	since	it	is	used	for	catering	purposes	and	is	not	located	at	a	dining	hall).		Benefits:	The	food	waste	is	kept	out	of	the	landfill.			
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The	following	photos	provide	a	glimpse	of	how	the	EnviroPure	works	(Figures	3.11-3.14).	The	system	itself	is	located	in	the	back-of-house	kitchen	of	each	dining	hall	and	measures	between	8-10	feet	long	by	4-6	feet	wide	and	6-8	feet	in	height.			
	
Figure	3.11:	Sign	in	EnviroPure	system	in	campus	dining	hall.	Source:	Angela	Urban,	2016.			
	
Figure	3.12:	EnviroPure	system	with	food	before	grinding.	Source:	Angela	Urban,	2016.	
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Figure	3.13:	EnviroPure	system	showing	receptacle	after	discarded	food	is	ground.	Source:	Angela	
Urban,	2016.			
	
Figure	3.14:	EnviroPure	has	a	proprietary	blend,	called	BioMix	that	is	delivered	monthly	to	each	
dining	hall.	Source:	Angela	Urban,	2016.		In	2014,	UIUC	contracted	Affiliated	Engineers	and	Sea	Hold	to	conduct	a	feasibility	study	to	determine	if	an	anaerobic	digester	could	be	installed	on	campus	(UIUC	Project	
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number	U12240,	2014).	Note	the	difference	between	aerobic	(enclosed	digester	that	works	on	the	basis	of	a	proprietary	blend	of	microorganisms)	versus	anaerobic	digester	(open-air	digester	that	also	works	on	the	basis	of	microorganisms,	though	not	typically	proprietary).	The	feasibility	study	primarily	considered	using	manure	as	feedstock	on	the	university	farms,	but	organic	food	waste	(pre-	and	post-consumer)	from	the	dining	halls	was	also	included.	It	is	valuable	that	they	considered	both	forms	of	feedstock,	as	food	waste	is	recorded	as	having	a	much	higher	value	in	biogas	than	manure	(Begum	et	al,	2016),	though	this	reason	was	not	mentioned	in	the	report.		The	study	determined	that	the	capital	expense	would	range	between	6-8	million	dollars	simply	for	construction,	and	an	additional	35-40%	would	need	to	be	added	for	total	project	costs.	The	annual	operational	costs	were	estimated	at	8%	of	the	total	capital	expense	(UIUC	Project	number	U12240,	2014).	UIUC	determined	it	was	not	feasible	at	that	time	to	commission	the	project.		
3.1.5	 Composting	3.1.5.1	Vermicomposting	at	the	Student	Sustainable	Farm	UHDS	participates	in	composting,	specifically	vermicomposting,	through	a	partnership	with	the	Student	Sustainable	Farm	(SSF).	Busey	Evans	(BER)	is	the	only	dining	hall	that	participates	due	to	the	fact	BER	does	not	have	adequate	infrastructure	to	support	the	EnviroPure	system.		
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SSF	partners	with	Dining	Services,	specifically	BER,	in	order	to	feed	the	worms	in	the	student-run	compost	bin,	a	vermicomposter.	Pick	up	happens	weekly	at	Busey-Evans.	Since	the	infrastructure	at	BER	is	not	equipped	to	handle	an	EnviroPure,	it	has	been	the	only	dining	hall	chosen	to	participate	in	the	partnership	with	SSF.	In	speaking	with	both	UHDS	and	the	manager	at	SSF,	it	does	not	look	as	though	there	is	any	plan	to	expand	the	program	(personal	communication,	2015).		
SSF	Vermicompost	 BER	
Capital	costs	
	Equipment	(one-time	charge)	 $9,708		
Installation	 included	
Operational	costs	
	Service	&	maintenance	(annual)	 $473	
Red	wriggler	worms	 $1,300		
Additional	utility	consumption	 N/A	
Pre-consumer	waste	(lbs)	
	Tons	 4	
Savings	in	hauling	 $49.26	
Savings	in	tipping	fees	 $94.73	
Post-consumer	waste	(lbs)	
	Tons	 0.26	
Savings	in	hauling	 $3.42	
Savings	in	tipping	fees	 $6.58	
Table	3.2:	Cost-benefit	analysis	depicting	the	actual	costs	of	the	vermicomposting	technology	in	
comparison	to	the	associated	landfill	hauling	and	tipping	fee	costs.			 Costs:	The	table	above	(Table	3.2)	describes	the	estimate	of	annual	costs	associated	with	the	vermicomposting	system.	Benefits:	The	food	is	kept	out	of	the	landfill	and	is	used	for	agricultural	and	learning	purposes	on	the	student-run	farm.				
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3.1.5.2	Donation	of	Used	Coffee	Grounds	Coffee	grounds	are	stored	separately	and	are	sent	to	whoever	wants	them	(publicized	through	e-Week	newsletter).	This	is	a	pilot	program	put	into	place	to	better	dispose	of	the	CGs.	All	units	are	participating.	The	grounds	are	picked	up	and	stored	in	a	freezer	at	the	Housing	Food	Stores	facility	at	1321	S.	Oak	St.	in	Champaign	(the	same	location	the	meat	trimmings	and	fat	used	to	be	stored).	Farmers	and	gardeners	are	typically	the	people	who	make	use	of	the	grounds.	This	is	a	free	service	and	costs	are	very	low.	In	the	past	2	years	they	have	recycled	980	5-gallon	buckets.	Similar	to	compost,	coffee	grounds	are	a	nutrient-rich	fertilizer	(Figure	3.15).				
	
Figure	3.15:	Dining	stores	coffee	grounds	and	gives	away	to	the	public	for	free	to	use	as	fertilizer.	
Source:	UIUC	Institute	for	Sustainability,	Energy,	and	Environment	(ISEE),	2015.			 Costs:	Nominal.	
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Benefits:	Local	farmers	and	the	general	public	are	able	to	use	spent	coffee	grounds	for	agricultural	and	gardening	purposes.	Since	coffee	is	made	in	bulk	daily,	it	keeps	the	weight	out	of	the	landfill.			
3.1.6	 Landfill/Incineration	3.1.6.1	On-Campus	Materials	Recovery	Facility	UIUC	is	large	enough	to	have	a	Waste	Transfer	Station	and	Materials	Recovery	Facility	(MRF)	on	campus.	The	campus	employs	approximately	14	staff,	plus	4	contracted	laborers,	to	run	and	maintain	the	campus	waste	program.	Throughout	campus,	there	are	over	1,000	recycling	bins	for	paper,	plastic	(polyethylene	terephalate	ethylene	and	high	density	polyethylene	only;	also	referred	to	as	#1	and	#2	plastic),	and	aluminum	cans.	There	are	also	two	locations	that	are	accessible	to	students	and	faculty	to	dispose	of	newspaper	and	corrugated	cardboard.	There	is	not	currently	a	separate	collection	for	food	waste	at	the	MRF.	Any	food	that	comes	through	the	MRF	or	any	materials	not	collected	for	recycling	are	sent	to	the	landfill.		Under	the	direction	of	F&S,	the	transfer	station	holds	a	waste	contract	with	Republic	for	waste	pick	up	from	the	MRF.	Republic	comes	once	per	day	with	a	large	trailer	and	hauls	to	Brickyard,	a	landfill	located	in	Danville,	Illinois	(Appendix	B).		The	tipping	fee	charged	to	UIUC	Waste	Services	varies	based	on	a	few	different	factors.	The	factor	concerning	waste	from	University	Housing	is	approximately	$25	per	ton	at	its	current	price	(though	the	price	of	hauling	and	tipping	fees	varies	throughout	the	
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year).	Waste	Services	charges	campus	(including	Dining	Services)	per	cubic	yard,	but	Republic	(landfill	contractor)	charges	based	on	weight.	The	average	sent	to	the	landfill	is	40	tons	per	day,	M-F	(During	convocation,	the	amount	of	waste	doubles).	280	days	per	year	at	40	tons	per	day,	averaging	$33	per	ton	(number	equals	average	from	price	per	load	and	tipping	fee	combined).		Out	of	all	the	buildings	on	campus,	Tracy	Osborn,	the	MRF	manager,	stated	the	biggest	percentage	of	waste	comes	from	university	housing.	Housing	oversees	26	resident	halls	for	undergraduate	students	and	three	apartment	complexes	for	graduate	students,	faculty	and	visiting	professionals	(Table	3.3).	As	previously	mentioned,	there	are	a	total	of	six	dining	halls	associated	with	the	residence	halls.	The	three	apartment	complexes	were	excluded	from	the	study	due	to	the	fact	each	home	has	an	individual	kitchen	without	a	shared	dining	hall	on	the	premises.	The	following	table	lists	all	of	the	university	residence	halls	with	its	associated	dining	hall	(Table	3.3).											
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University	
Housing	
Housing	
Type	 Population	 Address	 Associated	Dining	Hall	
Allen	Unit	One	 UG	 650	 1005	W	Gregory	DR	Urbana	 Lincoln	Avenue	Residence	(LAR)	
Babcock	Hall	 UG	 261	 1002	College	CT	Urbana	 Pennsylvania	Avenue	Residence	(PAR)	
Barton	Hall	 UG	 138	 1205	S	Fourth	ST	Champaign	 Ikenberry	Residence	(IKE)	
Blaisdell	Hall	 UG	 261	 901	W	Pennsylvania	AVE	Urbana	 Pennsylvania	Avenue	Residence	(PAR)	
Bousfield	Hall	 UG	 480	 1214	S	First	ST	Champaign	 Ikenberry	Residence	(IKE)	
Busey	Hall	 UG	 193	 1111	W	Nevada	ST	Urbana	 Busey-Evans	Residence	(BER)	
Carr	Hall	 UG	 261	 1001	W	Pennsylvania	AVE	Urbana	 Pennsylvania	Avenue	Residence	(PAR)	
Daniels	Hall	 UL/GS/AP	 259	 1010	W	Green	ST	Urbana	 Illinois	Street	Residence	(ISR)	
Evans	Hall	 UG	 197	 1115	W	Nevada	ST	Urbana	 Busey-Evans	Residence	(BER)	
Hopkins	Hall	 UG	 482	 103	E	Gregory	DR	Champaign	 Ikenberry	Residence	(IKE)	
Leonard	Hall	 UG	 245	 1005	S	Lincoln	AVE	Urbana	 Lincoln	Avenue	Residence	(LAR)	
Lundgren	Hall	 UG	 137	 1201	S	Fourth	ST	Champaign	 Ikenberry	Residence	(IKE)	
Nugent	Hall	 UG	 410	 207	East	Gregory	DR	 Ikenberry	Residence	(IKE)	
Oglesby	Hall	 UG	 654	 1005	College	CT	 Florida	Avenue	Residence	(FAR)	
Saunders	Hall	 UG	 261	 902	College	CT	 Pennsylvania	Avenue	Residence	(PAR)	
Scott	Hall	 UG	 470	 202	E	Peabody	DR	 Ikenberry	Residence	(IKE)	
Sheldon	Hall	 UG	 245	 1005	S	Lincoln	AVE	 Lincoln	Avenue	Residence	(LAR)	
Sherman	Hall	 UL/GS/AP	 455	 909	S	Fifth	ST	 Ikenberry	Residence	(IKE)	
Snyder	Hall	 UG	 468	 206	E	Peabody	DR	 Ikenberry	Residence	(IKE)	
Taft	Hall	 UG	 203	 1213	S	Fourth	ST	 Ikenberry	Residence	(IKE)	
Townsend	Hall	 UG	 639	 918	W	Illinois	ST	 Illinois	Street	Residence	(ISR)	
Trelease	Hall	 UG	 654	 901	College	CT	 Florida	Avenue	Residence	(FAR)	
Van	Doren	Hall	 UG	 205	 1215	S	Fourth	ST	 Ikenberry	Residence	(IKE)	
Wardall	Hall	 UG	 561	 1012	W	Illinois	ST	 Illinois	Street	Residence	(ISR)	
Wassaja	 UG	 504	 1202	S	First	ST	 Ikenberry	Residence	(IKE)	
	
Weston	Hall	 UG	 468	 204	E	Peabody	DR	 Ikenberry	Residence	(IKE)	
Table	3.3:		University	resident	halls	at	University	of	Illinois	at	Urbana-Champaign	(UIUC),	housing	
type	(i.e.	undergraduate,	graduate	student,	academic	professional),	total	housing	capacity,	street	
address,	and	associated	dining	hall.		
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Costs:	Approximately	$370,000	per	year.	The	costs	would	be	higher	if	the	MRF	did	not	participate	in	recycling	efforts	and	if	the	dining	halls	did	not	divert	a	large	amount	of	the	food	waste.	Benefits:	The	University	has	an	on-campus	MRF,	which	allows	for	the	coordination	between	multiple	departments	to	happen	more	easily.			
3.2	 Peripheral	Discoveries	In	considering	the	different	systems	in	place	to	reduce	and	divert	food	waste	at	UIUC,	some	general	findings	were	discovered.	Food	waste	and	other	organic	matter	is	typically	heavy,	and	thus,	it	costs	the	most	money	to	dispose	of	when	considering	the	university	pays	to	dispose	in	the	landfill	based	on	weight	(Diaz	et	al,	2006).	It	would	significantly	reduce	the	cost	to	focus	more	attention	to	food	waste	and	get	it	out	of	the	waste	stream	to	landfill	entirely.	In	Section	4.2,	these	findings	are	expanded	and	reveal	the	broader	analysis.			The	population	of	students	at	UIUC	continues	to	grow.	As	students	increase	in	population,	so	does	the	amount	of	waste.	Table	3.4	shows	the	student	population	for	a	single	academic	year	(AY).	Undergraduate	totals	are	highlighted	due	to	the	fact	this	type	of	student	is	more	likely	to	reside	in	University	Housing,	and	thus,	have	the	need	to	eat	often	in	an	affiliated	dining	hall	(Division	of	Management	Information,	2016).				
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UIUC	Student	Population	
	 	 	 	 	Summer	2015	
	 	 	
	
Undergrad	 Prof	 Grad	 Total	
Full	time	 3,158	 131	 3,012	 6,301	
Part	time	 3,538	 69	 1,776	 5,383	
Total	 6,696	 200	 4,788	 11,684	
	 	 	 	 	Fall	2015	
	 	 	 	
	
Undergrad	 Prof	 Grad	 Total	
Full	time	 31,989	 961	 9,705	 42,655	
Part	time	 889	 3	 540	 1,432	
Total	 32,878	 964	 10,245	 44,087	
	 	 	 	 	Spring	2016	
	 	 	 	
	
Undergrad	 Prof	 Grad	 Total	
Full	time	 29,851	 965	 9,209	 40,025	
Part	time	 1,451	 9	 553	 2,013	
Total	 31,302	 974	 9,762	 42,038	
Table	3.4:	Total	number	of	undergraduate,	professional	and	graduate	students	enrolled	in	AY	2015-
2016		 Besides	University	Housing,	students	live	on	and	off	campus	in	a	variety	of	locations.	Other	types	of	residences	that	have	dining	halls	include	privatized	certified	housing	and	fraternity/sorority	certified	housing.	Table	3.5	presents	the	student	population	housed	in	each	of	these	facilities	for	spring	2016	(Division	of	Management	Information,	2016).			
University	
Housing	
Private	Certified	
Housing	
Fraternity	and	Sorority	
Certified	Housing	
Other	 Total	#	
Students	
9,761	 6,000	 2,632	 23,645	 42,038	
Table	3.5:	Total	number	of	students	enrolled	and	living	in	university	or	certified	housing	in	Spring	
2016.		 	
	 38	
3.2.1	Pinpointing	Where	the	Waste	Originates	UHDS,	as	well	as	typically	any	other	food	service	system,	is	able	to	categorize	food	waste	origination	into	four	divisions:	1)	Food	waste	from	inventory	that	has	been	damaged	or	has	exceeded	the	use-by	date;	2)	Waste	during	food	preparation;	3)	Excess	food	from	the	serving	line	not	taken	by	the	consumers;	and	4)	Plate	waste.	Being	able	to	identify	where	the	waste	is	occurring	is	helpful	in	evaluating	whether	current	systems	are	the	most	effective	and	efficient.			
3.2.2	 Tapping	into	National	Resources	Both	USDA	and	EPA	have	several	broken	website	links	regarding	food	waste.	According	to	a	spokesperson	at	EPA,	there	is	a	new	website	that	will	be	launched	by	the	end	of	this	year	specific	to	food	waste	(personal	communication,	April	2016).	Since	at	least	September	2015,	there	have	been	broken	links	to	some	of	the	measurement	tools	that	are	supposed	to	help	organizations.	If	organizations	are	not	able	to	adequately	access	the	information	they	need,	it	will	continue	to	be	a	challenge.			
3.2.3	 Comparing	Other	University	Systems	In	the	paper,	Reducing	solid	waste	in	higher	education:	The	first	step	towards	
‘greening’	a	university	campus,	the	authors	mention	that	three	universities	in	Ontario	showed	that	organic	waste	comprised	17-29%	of	the	overall	waste	stream.	A	university	in	British	Columbia	revealed	that	60%	came	from	organic,	compostable	material	(Smyth	et	al,	2010).	The	authors	also	mention	the	challenge	universities	have	in	reducing	these	percentages	if	the	only	initiatives	come	from	students.		
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	At	Purdue	University	in	West	Lafayette,	Indiana,	there	is	a	partnership	between	the	university	and	the	West	Lafayette	WWTP.	Purdue	sends	all	of	its	food	waste,	oil	and	meat	fat	to	the	WWTP.	Strictly	from	the	dining	halls,	the	WWTP	is	averaging	approximately	2,500	lbs	of	intake	each	weekday.	Other	local	restaurants	and	institutions	have	also	started	participating.			Even	though	the	WWTP	in	West	Lafayette	is	able	to	add	food,	the	system	is	still	underused.	It	has	a	large	enough	capacity	to	add	4	tons	of	food	each	day.	The	hauling	costs	for	both	the	university	and	other	participants	is	similar	to	what	would	be	expected	if	the	hauler	were	charging	to	send	the	waste	to	the	landfill	instead.	Figures	3.16-3.22	show	the	process	for	adding	food	waste	into	the	anaerobic	digester.	
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Figure	3.16:	West	Lafayette	Wastewater	Treatment	Plant,	Indiana.	Source:	West	Lafayette	WWTP.			
	
Figure	3.17:	The	contractor	who	takes	Purdue	University’s	recycling	is	the	same	company	who	hauls	
the	food	waste	to	the	WWTP.	Source:	Angela	Urban,	2016.	
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Figure	3.18:	The	waste	containers	hauling	the	food	are	typical	cans	that	are	used	for	other	types	of	
waste.	Source:	Stephen	Cosper,	2016.		
	
Figure	3.19:	Most	of	the	food	is	sent	through	a	pulper	in	the	dining	hall	kitchen,	but	some	food	and	
paper	plates	come	through	whole.	Source:	Angela	Urban,	2016.	
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Figure	3.20:	All	food,	whether	pulper	or	whole,	is	sent	through	another	grinding	system	called	the	
Muffin	Monster	before	entering	the	anaerobic	digester.	Source:	Angela	Urban,	2016.	
		
	
Figure3.21:	The	Muffin	Monster	grinder	pulps	food	into	small	bits	before	entering	the	anaerobic	
digester	at	the	WWTP.	Source:	Angela	Urban,	2016.	
		
	 43	
	
Figure	3.22:	Simplified	process	depicting	how	anaerobic	digestion	works	at	a	WWTP.	Source:	
American	Biogas	Council,	2016.				 After	the	anaerobic	digester	at	the	WWTP	breaks	down	the	sludge	(both	from	food	and	sewage),	the	biogas	created	from	the	process	is	captured	and	the	methane	is	separated	from	the	other	gases	for	use	in	powering	the	facility.	In	some	cases,	the	excess	can	be	used	for	powering	vehicles	and	generating	heat	and	electricity	in	other	applications	(Santos,	Barros	and	Tiago	Filho,	2016).		
3.2.4	 Exploring	Financial	Mechanisms	3.2.4.1	European	Union	There	are	a	variety	of	market-based	incentives	available	for	use	by	municipalities	and	institutions	in	regards	to	food	waste.	The	European	Union	(EU)	has	been	working	collaboratively	over	the	past	few	decades	to	eliminate	food	waste	from	the	landfill	in	each	of	its	member	states.	These	incentives	vary	based	on	where	along	the	chain	the	action	needs	to	be	changed.	The	EU	Food	Use	for	Social	Innovation	by	Optimizing	Waste	
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Prevention	Strategies	(FUSIONS)	project	suggests	there	are	three	general	categories—negative,	positive,	and	mixed-based	incentives	(Aramyan	et	al,	2016).			In	the	case	of	negative	incentives,	it	can	be	based	on	a	“pay-as-you-throw”	system,	where	the	customer	pays	based	on	weight	and	frequency	of	waste,	or	there	can	be	taxes	set	on	the	landfill	(which	would	then	be	passed	on	to	the	consumer).	More	specific	to	companies,	there	could	be	mandatory	reporting	of	food	waste	data,	which	could	lead	to	a	tax	refund	or	tax	based	on	how	much	food	waste	has	actually	been	produced.	Certification	schemes	are	another	option.	Examples	of	certification	schemes	include	labeling	something	Fair	Trade	or	Organic.	Consumers	are	able	to	make	the	choice	based	on	how	the	company	rates	(Aramyan	et	al,	2016).			Positive	incentives	include	tax	reductions	or	subsidies	for	using	particular	types	of	technologies	or	for	those	who	may	need	financial	support.	There	could	also	be	direct	subsidies	for	companies	who	shorten	the	food	chain	between	production	and	consumer;	direct	subsidies	for	those	providing	marketing	or	educational	campaigns;	or	direct	subsidies	for	programs	that	enable	food	surplus	redistribution	(e.g.	vehicle	or	fuel	subsidies	to	get	the	food	from	the	dining	hall	to	the	food	pantry).			Mixed-based	incentives	come	in	the	form	of	extrinsic	motivators.	This	could	be	in	the	form	of	a	coupon,	bonus	points,	or	even	a	prize	drawing.	For	example,	on	some	army	installations,	there	is	a	mixed-based	incentive	for	the	units	to	recycle.	If	a	particular	unit	(i.e.	company,	battalion,	brigade,	etc.)	has	the	most	recycling	points,	they	could	receive	an	
	 45	
award	at	the	end	of	the	month	if	they	recycle	more	than	other	units	of	the	same	size.	Social	influence	is	a	factor	too.	If	everyone	else	is	recycling,	more	people	may	be	inclined	to	participate.		3.2.4.2	United	States		In	comparison	to	the	European	Union,	the	U.S.	is	still	very	new	at	utilizing	financial	mechanisms	for	the	purpose	of	diverting	food	waste	from	the	landfill.	There	are	three	states	in	particular	that	are	highlighted	for	their	initiatives—New	York,	California	and	Massachusetts.				 In	New	York,	a	bill	was	passed	in	2013	that	requires	large	generators	of	food	waste	to	implement	a	recovery	system.	The	main	incentive	behind	the	bill	is	to	get	more	people	to	invest	in	clean	technologies.	By	forcing	large	generators	to	develop	a	recovery	solution,	there	is	a	guaranteed	feedstock	(i.e.	food	waste	“product”)	for	agricultural	and	waste-to-energy	purposes	(Houssaye	and	Avnon,	2015).				 Massachusetts	enacted	a	similar	ban	in	2014.	Those	large	generators	who	produce	more	than	one	ton	of	food	waste	per	week	are	required	to	reduce	the	amount	generated,	donate	the	excess	to	feed	people,	or	send	excess	to	a	local	anaerobic	digester,	compost	facility	or	animal	feed	processing	plant	(Houssaye	and	Avnon,	2015).		
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	 In	California,	there	was	a	food	tax	credit	established	in	2012	for	commercial	farmers.	Farmers	can	receive	the	tax	credit	for	up	to	10%	of	fresh	produce	donated	to	food	banks	(California	Association	of	Food	Banks,	2012).		
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CHAPTER	4:	DISCUSSION	
	
	
4.1	 Process	Analysis	UHDS	has	covered	each	category	of	the	EPA	Food	Recovery	Hierarchy	(Figure	4.1),	but	the	question	stems,	is	that	the	point?	Would	it	not	be	better	to	place	more	emphasis	on	the	first	few	levels	of	the	hierarchy?	Reduction	is	the	number	one	goal,	and	UHDS	seems	to	be	doing	everything	possible	to	reduce	at	the	source.	UHDS	achieves	this	by	the	use	of	the	CBORD	software,	tray-less	dining	and	Lean	Path.	Zero	Percent	allows	UHDS	to	donate	easily	to	local	food	banks	and	soup	kitchens,	but	is	there	more	that	could	be	donated?	In	the	past,	UHDS	has	sent	meat	trimmings	and	fats	to	local	farmers	for	feeding	animals,	but	currently,	this	system	is	no	longer	in	use.	Perhaps	it	should	be	reconsidered.	In	regards	to	industrial	uses,	Mahoney	Environmental	picks	up	waste	oils;	the	edible	gloves	are	being	converted	to	playground	equipment	and	benches;	and	the	EnviroPure,	the	aerobic	digesters,	are	sending	liquefied	food	sludge	to	the	WWTP,	which	in	turn,	is	used	for	agricultural	application.	Vermicomposting	through	the	Student	Sustainable	Farm	covers	composting.	Lastly,	the	landfill	is	still	getting	a	large	share	of	food	waste	or	“wet-heavy	waste”	as	Tracy	Osborn	refers	to	it.			The	UIUC	iCAP	report	mentioned	in	Section	3.1	recognizes	food	service	and	housing	as	two	large	entities	that	contribute	to	the	size	of	the	carbon	footprint	on	campus.	Osborn	has	stated	that	University	Housing	is	the	biggest	contributor	of	waste	on	campus.	Considering	the	amount	of	food	waste	going	to	landfill,	future	editions	of	the	report	should	
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address	food	waste	more	specifically,	and	corrective	actions	need	to	be	taken	soon	in	order	to	meet	the	goal	of	the	climate	commitment	and	iCAP.		
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Figure	4.1:	U.S.	EPA	Food	Recovery	Hierarchy	compared	to	systems	in	place	at	the	campus	dining	
halls.	The	colors	indicate	where	it	falls	on	the	hierarchy.	Source:	Angela	Urban,	2016.	
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	 As	mentioned,	it	seems	UHDS	has	checked	all	of	the	blocks	within	the	EPA’s	suggested	guidelines.	However,	one	area	that	could	be	improved	is	the	fourth	on	the	list—Industrial	Uses.	UHDS	sends	342	tons	of	food	waste	through	the	EnviroPure	systems	each	year.	An	additional	4-5	tons	of	food	waste	is	used	in	vermicompost.	While	it	may	be	necessary,	or	at	least	recommended,	for	a	research	institution	to	dabble	in	a	variety	of	processes	for	research	and	teaching	opportunities,	the	EnviroPure	system	cannot	be	utilized	in	this	manner.	As	an	aerobic	digester,	it	does	not	have	the	capability	to	convert	food	scraps	to	energy.	In	order	to	consider	the	benefits	of	waste-to-energy,	and	partnering	with	an	already	operational	anaerobic	digestion	system	should	be	considered.	Figures	4.2	and	4.3	convey	where	the	food	waste	originates	by	tonnage.		
	
Figure	4.2:	The	data	presented	is	from	the	Lean	Path	summary	report	for	24	January	through	24	April	
2016,	and	then	based	off	of	percentages	to	include	student	enrollment	for	summer	and	fall	semesters.					
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Figure	4.3:	The	data	presented	was	obtained	from	the	weeklong	audit	conducted	in	2015	and	then	
multiplied	to	include	a	40-week	academic	year.				
4.1.1	 Source	Reduction	As	part	of	the	study,	copies	of	recent	waste	audits	were	requested.	Audits	are	performed	on	occasion,	and	two	were	shared	for	the	purposes	of	evaluation	in	this	study	(Figure	4.4,	and	in	detailed	form	in	Appendix	D	and	E).	The	data	from	both	years	show	that	the	patron	count	is	exactly	the	same	at	each	dining	hall,	minus	Busey-Evans,	which	was	not	audited	in	2010.	Even	with	the	missing	residence	hall,	it	appeared	the	patron	totals	per	meal	per	day	were	not	properly	enumerated.			
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Figure	4.4:	The	two	waste	audits	conducted	in	2010	and	2015	were	compared.	The	dining	hall	with	
the	largest	capacity,	Ikenberry,	has	the	largest	amount	of	waste.	There	was	not	a	waste	audit	
conducted	at	BER	in	2010.			 The	amount	of	food	waste	per	student	could	be	a	result	of	an	error.	Without	a	proper	head	count,	the	apparent	decrease	(from	4.47	ounces	to	3.11	ounces)	in	waste	per	person	per	day	is	misleading	and	could	be	a	result	of	less	dining	attendance	rather	than	less	actual	waste.	The	total	for	2015	did	not	take	into	account	the	additional	3,366	from	Busey-Evans.	The	error	was	not	discovered	until	after	the	interviews,	and	it	was	then	brought	to	light	that	audits	take	place	internally.	At	the	very	least,	the	decrease	in	waste	per	person	is	an	artifact	of	the	count	not	being	entered	correctly.			At	the	time	of	the	initial	interviews,	the	date	of	the	last	waste	audit	performed	was	unknown.	Soon	after	volunteering	to	spend	a	week	performing	an	audit	for	the	dining	halls	pro	bono,	the	decision	was	made	to	conduct	another	internal	audit.	While	feeling	very	fortunate	to	be	able	to	witness	the	process,	it	is	recommended	UHDS	consider	utilizing	an	
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outside	waste	audit	team	at	least	once	in	the	future.		This	way,	a	new	baseline	can	be	established	without	missing	information	or	having	a	biased	result.	If	internal	audits	are	continued,	it	also	brings	into	question	the	entire	auditing	process.	Who	on	staff	performed	the	audits	over	the	years?	How	did	that	person	obtain	data?	Were	there	different	people	performing	the	audit	than	doing	the	analysis?	Since	dining	staff	have	other	responsibilities,	it	is	reasonable	that	the	forms	were	not	always	properly	filled	out.		At	CERL	similar	difficulties	have	been	experienced,	and	that	is	why	it	is	crucial	the	waste	team	is	clear	in	advance	on	the	expectations	and	objectives	of	the	audit.	Over	the	past	year,	the	waste	team	at	CERL	has	performed	four	full	waste	audits	(with	several	others	currently	in	progress),	and	due	to	a	variety	of	obligations,	some	team	members	were	not	able	to	be	present	consistently	for	every	audit.		This	caused	some	slight	challenges	for	the	analysis.	The	extra	individuals	who	were	sent	with	the	forward	waste	team	to	the	installations	to	perform	the	latter	waste	audits	may	not	have	followed	the	protocol	as	strictly	as	the	original	members.	When	the	data	came	back	to	the	part	of	the	team	who	stayed	behind,	extra	time	was	spent	filling	in	gaps	through	continued	correspondence,	and	any	gaps	in	the	information	were	noted	accordingly	in	order	to	seek	clarification.		If	the	same	people	or	the	same	methodology	is	not	utilized	in	future	waste	audits,	then	the	data	between	the	two	points	in	time	may	not	be	able	to	be	accurately	compared.	As	another	example	of	inconsistency,	in	a	presentation	given	in	2011	by	UHDS	(Appendix	C),	the	post-consumer	waste	study	from	fall	2008	reported	having	23.4	ounces	of	waste	per	person	per	day.	In	2010,	the	audit	claimed	the	waste	per	person	per	day	was	4.47	ounces.	
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Even	though	it	is	clear	in	the	presentation	that	one	audit	included	the	weight	of	liquids	and	the	other	did	not,	it	was	claimed	to	be	an	80%	reduction	in	total	food	waste	in	a	matter	of	two	years,	a	very	misleading	claim.			At	CERL,	a	single	waste	audit	form	was	created	to	be	easily	transferable	from	one	location	to	another,	no	matter	the	differences	that	come	from	place	specificity.	Utilizing	a	standard	form	also	allows	for	comparison	on	a	larger	scale,	and	while	there	might	be	changes	in	geography,	topography,	mission,	number	of	buildings,	total	population,	recycling	markets,	etc.,	accurate	correlations	can	be	made.			In	the	future,	if	the	University	plans	to	conduct	waste	audits	at	UHDS,	it	is	recommended	that	the	forms	include	a	variety	of	organic	wastes,	including	dairy,	liquids,	meat	scraps	and	solid	fats,	breads,	and	fibrous	produce.	Pre-consumer	waste	has	been	analyzed	more	closely	than	post-consumer,	but	it	would	be	beneficial	for	UHDS	to	consider	an	outside	auditor	for	both	types	of	food	waste.	While	it	is	recommended	to	train	staff	to	routinely	conduct	waste	audits,	an	unbiased	neutral	party	might	find	different	results.	Also,	post-consumer	waste	needs	to	be	analyzed	in	closer	detail.	What	type	of	food	is	being	thrown	away?	Perhaps	there	is	a	pattern	to	be	found	similar	to	pre-consumer.			It	could	also	shed	light	on	whether	the	numbers	reported	via	Lean	Path	convey	the	actual	total	of	food	wastage	on	the	pre-consumer	side.	This	is	why	it	is	crucial	to	evaluate	sustainable	projects	and	technologies	(Lavey,	2015).	Figures	4.5	and	4.6	show	the	cost	of	food	waste	and	the	reason	for	the	wastage	(or	loss).	By	utilizing	Lean	Path,	UHDS	can	see	
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exactly	where	the	loss	occurs	and	can	try	to	remedy	the	situation.	For	example,	the	biggest	loss	comes	from	over-production.	This	might	not	be	something	that	will	change,	but	by	following	measures	already	in	place	and	noting	what	consumers	prefer,	they	may	be	able	to	reduce	this	waste	even	further.	However,	Lean	Path	and	other	waste	monitoring	software	should	be	supplemented	with	other	forms	of	measurement.	Since	dining	staff	weighs	the	waste	as	well	as	generates	it,	this	could	cause	influence	the	results.			
	
Figure	4.5:	In	actual	dollars	spent,	the	total	amount	of	food	loss	accounts	for	$197,269	according	to	
Lean	Path	summary	report.		
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Figure	4.6	The	total	amount	of	loss	in	pounds	is	129,680	lbs.		
		
4.1.2	 Feed	Hungry	People	By	utilizing	the	app,	Zero	Percent,	any	incidents	of	over-production	can	easily	be	donated	to	people	in	need.	Still,	dining	managers	willing	to	take	the	time	and	effort	to	store	the	leftover	food	for	pick	up	by	local	pantries	and	soup	kitchens	rather	than	simply	throwing	it	away	or	adding	it	to	the	EnviroPure	are	the	minority.	Figure	4.7	shows	the	weight	(in	pounds)	of	the	food	donated	in	AY	2015-2016	through	Zero	Percent.	With	300-400	tons	of	food	waste	produced	by	UHDS	per	year,	is	there	really	only	10	tons	of	food	waste	suitable	for	human	consumption?	
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Figure	4.7:	The	total	donated	in	academic	year	2015-2016	from	all	six	UIUC	dining	halls.			 The	simplicity	and	ease	of	the	Zero	Percent	app	makes	it	economically	and	environmentally	more	feasible	than	any	of	the	other	systems	evaluated.	Dining	hall	managers	spend	less	time	finding	a	place	for	donations	to	go,	which	means	donations	happen	more	regularly.	The	dining	hall	simply	connects	to	the	app	to	enter	the	amount	and	type	of	food	in	need	of	donation.	It	then	gets	sent	directly	to	local	food	pantries	and	soup	kitchens	where	volunteers	are	able	to	retrieve	the	information	for	free	and	then	pick	up	the	donated	food.	Considering	the	fact	that	“food	to	hungry	people”	is	high	on	the	list	of	the	EPA’s	suggested	food	recovery,	more	institutions	need	to	find	a	similar	solution	in	order	to	easily	connect	with	food	bank	and	pantry	organizations.		
4.1.3	 Feed	Animals	UHDS	no	longer	participates	in	a	“feed	to	animals”	partnership.	It	has	been	easier	for	dining	staff	to	discard	of	bulk	meat	fat	in	the	EnviroPure	digester.	This	system	is	able	to	breakdown	meat	trimmings	and	fat	by	sending	it	through	the	sewage	system.	Since	feeding	
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animals	is	listed	as	a	higher	priority	than	using	for	industrial	purposes	within	the	EPA	Food	Recovery	Hierarchy,	dining	staff	may	want	to	consider	reconstituting	the	partnership	with	local	farmers	in	the	future.		
4.1.4	 Industrial	Uses	4.1.4.1	Converting	Waste	to	Liquefied	Sludge	via	Aerobic	Digestion	Having	the	EnviroPure	installed	in	each	dining	facility	reduces	costs	for	the	university	as	a	whole,	as	tipping	fees	and	hauling	costs	are	lessened.	After	the	food	enters	the	system,	it	is	decomposed	by	means	of	the	proprietary	“BioMix”	into	a	grey	water	discharge	that	is	sent	to	the	wastewater	treatment	plant	(WWTP).	Unlike	food	waste	that	sits	in	a	landfill,	there	is	not	any	methane	gas	being	captured	in	the	process.			The	difficulty	is	that	the	machines	are	costly	and	rely	on	specialized	mixes	in	order	to	perform	properly.	While	it	is	beneficial	to	the	University	that	there	is	a	way	to	divert	the	bulk	of	food	waste	from	UHDS,	it	is	not	taking	care	of	the	larger	problem	(i.e.	the	other	94%	of	waste	going	to	landfill.	Plus,	it	is	simply	not	a	feasible	option	for	many	other	institutions	or	food	service	providers.				4.1.4.2	Converting	Waste	to	Energy	via	Anaerobic	Digestion	Economic	advantages	in	partnering	with	an	already-existing	anaerobic	digestion	facility,	instead	of	constructing	an	anaerobic	digester	only	for	use	by	campus	are	options	more	institutions	(and	municipalities)	should	consider.	The	total	liquid	residual	may	be	sold	as	a	fertilizer	for	agricultural	application	and	the	solid	form	can	be	fed	into	the	on-site	
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anaerobic	digester	to	create	and	capture	methane	gas.	Methane	can	be	produced	much	easier	if	there	is	sludge	combined	with	organic	material,	especially	food,	grease	and	oil	waste.	The	grease	and	oil	are	especially	important	in	promoting	the	sort	of	anaerobic	processing	that	creates	the	methane	gas.			There	are	other	alternative	technologies	with	benefits	attached	to	each	that	UIUC	or	other	institutions	may	want	to	consider.	Several	of	these	technologies	have	come	up	through	research	conducted	at	CERL.	In	weighing	the	advantages	and	disadvantages	of	each	system,	partnering	with	an	already	active	anaerobic	digester	is	by	far	the	most	economically	and	environmentally	feasible	options.	It	is	beyond	the	scope	of	this	paper	to	include	reference	to	each	technology,	since	the	other	technologies	are	not	in	use	by	UIUC.	However,	what	was	gleaned	from	studying	these	various	technologies	is	that	anaerobic	digestion	is	a	considerably	underutilized	system	in	the	U.S.	and	it	comes	with	vastly	more	benefits	than	other	diversion	technologies.			Institutions,	restaurants	and	other	food	establishments	should	consider	a	partnership.	Active	anaerobic	digesters	can	be	found	all	over	the	U.S.	(Figure	4.8),	as	well	as	the	world	(Santos	Barros	and	Tiago	Filho,	2016).	In	fact,	the	American	Biogas	Council	keeps	a	running	list	of	operational	anaerobic	digesters	throughout	the	country.	They	can	be	found	in	three	primary	locations—wastewater	treatment	plants,	landfills,	and	farms	(American	Biogas	Council,	2016).		
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Figure	4.8:	The	circles	indicate	all	of	the	operational	anaerobic	digestion	facilities	within	the	
continental	U.S.	Red	stands	agriculture,	yellow	is	landfill,	and	blue	is	WWTP.	Source:	American	Biogas	
Council,	2016.		
4.1.5	 Composting	In	talking	to	the	manager	at	SSF,	the	vermicomposting	system	has	its	challenges,	but	overall,	there	is	not	a	plan	to	stop	or	expand	the	program.	Busey	Evans	is	not	able	to	retrofit	current	infrastructure	to	use	an	EnviroPure	system,	and	UHDS	is	committed	to	keeping	food	waste	out	of	the	landfill	as	much	as	possible.	The	partnership	should	be	continued,	as	it	is	an	opportunity	for	students	to	learn	environmental	stewardship	as	much	as	it	is	an	economic	benefit.	Composting	also	has	some	social	benefits,	as	the	farm	is	always	looking	for	more	volunteers	to	lend	a	hand.	It	is	an	excellent	opportunity	for	not	only	students	to	get	involved,	but	local	community	members	as	well.		
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4.1.6	 Landfill/Incineration	The	ultimate	data	point	to	consider	in	closer	detail	is	the	amount	of	waste	going	to	the	landfill	on	a	daily	basis	from	the	university.	The	manager	at	the	MRF,	Tracy	Osborn,	stated	that	University	Housing	was	the	number	one	contributor	of	waste	entering	the	transfer	facility	each	day,	yet	the	data	only	suggests	a	total	of	6%	(Figure	4.9).	Osborn’s	team	picks	up	waste	from	the	residence	halls	daily,	including	weekends,	and	the	haulers	pick	up	from	each	dining	hall	(attached	to	the	residence	halls)	two	times	per	week.			
	
Figure	4.9:	According	to	the	total	waste	being	sent	to	landfill	from	the	UIUC	MRF,	dining	hall	waste	
makes	up	a	very	small	amount	of	the	waste	stream.		When	touring	the	dining	halls,	it	was	noted	that	they	were	not	only	trying	to	reduce	food	waste.	They	had	several	systems	in	place	to	also	cut	down	on	the	packaging	materials	used.	Osborn	noticed	a	reduction	in	the	overall	price	per	hauling	and	tipping	fees	since	all	
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of	the	EnviroPure	systems	were	installed.	He	said	no,	that	he	charges	the	departments	within	the	university	(including	UHDS)	based	on	cubic	yards,	not	weight,	and	there	has	not	been	a	significant	decrease	in	the	amount	of	cubic	yards	that	he	has	noticed	since	the	installation	of	the	EnviroPure	systems.			Osborn	is	charged	based	on	weight	from	Republic	(i.e.	the	contractor	who	hauls	to	the	landfill),	so	it	is	perplexing	as	to	why	each	department	is	charged	per	cubic	yard.	What	incentive	do	the	departments	have	to	reduce	the	heaviest	waste	component	(i.e.	food)	out	of	their	trash	if	the	difference	appears	insignificant?		In	order	to	be	certain,	a	suggestion	for	further	study	would	be	to	look	at	historical	records	of	the	overall	waste	charges.	It	is	possible	there	has	been	a	decrease	from	UHDS	but	there	is	so	much	waste	coming	in	through	the	transfer	station	on	a	daily	basis	that	could	be	easily	missed	by	waste	service	staff.			If	University	Housing	is	in	fact	the	number	one	waste	producer	at	the	university	as	Osborn	claims,	what	are	the	other	waste	components	contributing	to	this	problem?	Food	waste	is	water-based	and	extremely	heavy	(Diaz	et	al,	2006),	so	what	other	building	types	might	be	contributing	to	the	university	waste	stream?		More	to	the	point,	landfills	have	a	lifespan.	When	one	gets	filled	up,	people	have	to	find	another	location	for	waste.	Food	is	the	second	biggest	contributor	to	the	waste	stream	(Figure	4.10)	before	recycling	and	composting,	and	it	is	the	heaviest	per	volume,	i.e.	the	
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most	expensive	in	tipping	fees	(Thyberg,	2015).	If	considering	measures	to	recycle	and	compost,	food	waste	becomes	the	number	one	waste	component	entering	the	landfill	(Figure	A.6	in	Appendix	A	describes	the	waste	components	in	more	detail).	If	we	were	able	to	eliminate	this	single	component	out	of	the	waste	stream	altogether,	we	could	increase	the	life	span	of	the	landfills	by	double	and	triple	in	some	cases	(Appendix	B	shows	the	current	landfill	utilized	by	UIUC).		
	
Figure	4.10:	The	pie	chart	shows	food	as	the	second	largest	waste	component	currently	sent	as	
municipal	solid	waste	(MSW)	to	the	landfill.	There	is	another	chart	in	Appendix	A.	Figure	A.3	shows	
the	totals	after	recycling	and	composting,	and	food	waste	jumps	up	to	the	highest	component	going	to	
landfill	at	21%.	Source:	U.S.	EPA,	2014.							
Food	
15%	
Glass	
4%	
Metals	
9%	
Other	
3%	
Paper	&	paperboard	
27%	
Plasecs	
13%	
Rubber,	leather	&	
texeles	
9%	
Wood	
6%	
Yard	trimmings	
14%	
Before	Recycling	and	ComposTng		
Total	MSW	GeneraTon,	254	Million	Tons	
	
	 64	
4.2	 Peripheral	Analysis	
4.2.1	Pinpointing	the	Causes	What	was	found	from	conducting	interviews	among	various	stakeholders	on	campus	is	that	people	who	at	first	seem	very	eager	to	share	their	successes	are	at	once	reluctant	to	share	financial	costs	or	exact	disposal	estimates	in	regards	to	waste.	Answers	are	rather	vague	and	take	prodding	to	get	to	the	details.	Could	the	reason	be	because	the	costs	of	some	of	the	systems	involved	belie	the	claims	or	is	it	that	the	stakeholders	simply	do	not	know?			The	dining	staff	was	reluctant	to	talk	to	outside	researchers	without	approval	from	management.	In	the	process	of	interviewing	the	different	dining	managers,	turnover	of	kitchen	staff	was	found	to	be	very	high,	including	managers.	This	could	be	a	result	of	low	pay	or	work	environment.	In	several	cases,	the	initial	mid-level	contact	for	dining	management	no	longer	worked	at	the	facility	and	a	new	manager	was	forwarded	along.	Several	of	these	managers	did	not	respond.	Of	the	six	dining	facilities,	only	two	managers	had	any	longevity	at	their	current	dining	hall.	Both	of	the	managers	were	reluctant	to	provide	many	details.	In	one	dining	hall,	for	instance,	as	a	researcher,	it	was	not	allowable	enter	the	kitchen.	It	was	only	allowable	to	have	the	process	described	in	the	front-of-house,	outside	of	the	kitchen.			In	general,	dining	staff	and	management	were	reluctant	to	provide	too	much	information	about	waste	(also	noted	when	conducting	waste	audits	on	military	installations).	With	the	dining	halls	and	the	use	of	the	Lean	Path	scale	system,	the	dining	
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halls	know	how	much	food	is	getting	wasted	per	meal	(given	that	the	system	is	being	properly	utilized).	UHDS	is	able	to	divide	the	waste	into	two	categories:	pre-consumer	(prep	material	from	the	kitchen)	and	post-consumer	(food	waste	from	the	plates	and	also	from	the	serving	line).	The	kitchen	staff	does	not	want	to	be	seen	as	wasting	too	much	from	either	category.	Of	course,	there	is	a	difference	between	avoidable	and	unavoidable	food	waste;	some	waste	is	simply	going	to	happen	in	both	pre-	and	post-consumer	sides	regardless	of	all	of	the	systems	in	place.	For	example,	if	they	make	four	trays	of	rice	but	only	two	were	eaten,	one	sat	on	the	serving	line,	and	one	never	made	it	out	of	the	kitchen,	only	the	one	from	the	kitchen	can	be	donated	for	human	consumption.	The	one	not	eaten	from	the	serving	line	is	a	red	flag	that	kitchen	staff	may	have	made	too	much,	and	consequently,	they	could	get	in	trouble	for	too	much	excess	waste,	especially	if	it	is	happening	on	a	frequent	basis.			As	far	as	upper	management,	they	seemed	very	willing	at	first	to	provide	more	detailed	information	after	the	initial	interviews.	However,	after	several	months	and	several	follow	up	attempts,	only	very	minimal	information	was	ever	fully	retrieved.	Staff	and	upper	management	were	also	reluctant	to	provide	costs	for	equipment,	weighed	amounts	from	LeanPath,	or	even	the	amount	donated	to	soup	kitchens	through	Zero	Percent.	With	permission,	the	latter	two	items	were	eventually	shared.	However,	in	order	to	obtain	costs,	sales	representatives	from	the	various	companies	were	relied	upon.	Some	representatives,	such	as	CBORD,	refused	to	share	any	information,	not	even	a	general	estimate.	Zero	Percent	and	Lean	Path	were	the	most	willing	to	share	direct	costs.	Understandably,	no	one	was	willing	to	provide	a	cost	breakdown	specific	to	UIUC.		
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	It	is	unknown	exactly	why	information	was	vague	and	ambiguous,	but	it	is	possible	the	sense	of	fear	noted	in	the	dining	halls	also	exists	in	upper	management.	No	one	wants	to	be	seen	as	wasteful,	especially	when	dining	services	is	so	big	on	campus	and	serves	so	many	people.	Transparency	along	the	chain	could	help	in	this	area.	Perhaps	kitchen	staff	and	dining	management	do	not	quite	understand	the	reasons	for	the	audits	and	the	tracking	software.			
4.2.2	 Global	Urgency	and	Grass-Root	Efforts	(or	Creating	Room	for	a	Roundtable)	Internationally,	people	are	facing	food	scarcity	and	insecurity	every	single	day,	and	the	problem	is	only	likely	to	get	worse	(FAO,	2015).	In	Champaign	County,	the	food	security	rate	is	17.2%.	That	means	there	are	nearly	35,000	within	the	county	who	are	food	insecure.	Out	of	that	percentage,	57%	are	below	the	130%	poverty	threshold	for	receiving	Supplemental	Nutrition	Assistance	Program	(SNAP)	benefits.	$2.75	is	the	average	cost	for	a	meal,	and	yet,	not	everyone	is	able	to	afford	it	(Feeding	Illinois,	2016).	It	is	important	to	donate	food	to	local	food	pantries	and	soup	kitchens	to	help	alleviate	the	burden.			The	approach	taken	at	UHDS	is	primarily	driven	by	the	knowledge	and	goodwill	driven	by	the	director,	Dr.	Dawn	Aubrey.	It	is	impressive	to	consider	all	of	the	food	recovery	systems	she	has	initiated	just	since	the	beginning	of	her	tenure	in	2007.	She	mentioned	Temple	Grandin	(Illini	alum	as	well	as	prominent	figure	in	the	livestock	industry)	as	an	inspiration	for	finding	locally	sourced,	humanely	treated	meat	and	animal	
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by-products.	Aubrey	even	went	so	far	as	to	pull	one	of	her	favorite	books	by	Grandin	from	her	bookshelves	that	went	into	great	length	about	the	humane	treatment	of	cattle.			Simply	stated,	it	takes	individuals	with	passion	and	interest	in	the	action.	If	there	are	not	people	genuinely	interested	in	helping	to	mitigate	the	effects	of	global	warming,	to	reduce	unnecessary	costs	and	wasteful	spending,	to	reduce	food	insecurity	locally—then	it	will	increasingly	become	worse.	Aubrey’s	willingness	to	alter	the	direction	of	dining	services	on	campus	is	what	prompted	the	efforts	made	within	dining	services.	Is	there	more	to	be	done?	Of	course,	but	it	takes	impassioned	people	like	her	to	lead	the	effort.			
4.2.3	 Learning	from	Other	Institutions	In	more	recent	years,	universities	such	as	Purdue,	University	of	Wisconsin	and	Ohio	State	have	understood	the	benefits	of	anaerobic	digestion.	By	either	partnering	with	the	local	WWTP	(Purdue),	establishing	their	own	(University	of	Wisconsin)	or	partnering	with	a	commercial	facility	nearby	(Ohio	State),	these	three	universities	are	leading	the	way	in	utilizing	the	benefits	from	biogas	technology.	By	learning	from	the	examples	they	have	set,	it	is	possible	a	local	partnership	with	Urbana	Champaign	Sanitary	District	could	be	considered	a	viable	option.	The	potential	should	certainly	be	considered,	as	it	could	result	in	a	total	diversion	of	organic	waste,	not	only	at	UIUC,	but	also	at	other	local	institutions,	restaurants	and,	perhaps	one	day,	even	residential	curbside.			One	item	learned	from	working	with	several	different	military	installations	is	that	people	tend	to	believe	their	own	waste	management	situation	is	unique,	yet	there	could	be	
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another	place	(possibly	very	different	in	other	ways)	where	similar	challenges	are	taking	place.	Building	an	anaerobic	digester	capable	of	creating	the	level	of	biogas	needed	to	power	the	system	itself,	facility	vehicles,	the	transfer	station,	and	other	power-houses	of	energy	would	require	a	great	deal	of	expense	and	space.	Considering	the	overall	costs	involved,	it	makes	sense	that	the	university	chose	not	to	pursue	the	Allied	Engineers	feasibility	study	further.	However,	anaerobic	digestion	should	still	be	considered	a	viable	option.	It	is	not	limited	geographically,	nor	is	the	technology	overly	complex	to	build	(Santos,	Barros	and	Tiago	Filho,	2016).			Administration	and	leaders	in	sustainability	must	recognize	the	need	to	“institutionalize”	the	process	for	diverting	organic	waste	entirely	from	the	landfill.	Policies	must	be	established	and	some	capital	investment	may	be	incurred,	but	it	will	lead	to	greater	participation	by	staff,	faculty	and	students	once	implemented	(Smyth	et	al,	2010;	Ching	and	Gogan,	1992,	van	Handel,	2004).			
4.2.4	 Creating	a	Market	Device	for	Food	Waste	The	cost	of	waste	reduction	technologies	may	seem	astronomical	to	some,	but	when	compared	to	the	total	costs	involved,	the	benefit	can	oftentimes	greatly	outweigh	initial	sticker	shock.		Perhaps	someone	should	consider	a	higher	tax	structure	for	utilizing	landfills.	When	comparing	greenhouse	gas	emissions,	the	loss	is	considerable.	However,	if	simply	
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comparing	the	direct	cost	to	landfill,	the	price	appears	minimal.	This	is	a	problem	of	society	and	needs	to	be	remedied	at	the	government	(and	institutional)	level.			Institutions	may	choose	alternative	technologies	over	anaerobic	digestion,	such	as	the	EnviroPure	simply	due	to	initial	sticker	shock	and	upfront	price	comparison	of	anaerobic	digestion.	If	there	were	more	market-based	incentives	established	by	the	overhead	institution	or	municipality,	perhaps	there	would	be	more	incentive	to	choose	a	more	sustainable	option.	In	order	to	be	cost	effective,	anaerobic	digestion	is	typically	conducted	on	a	large	scale.	Even	with	all	of	the	potential	for	organic	waste	at	UIUC,	the	price	tag	was	too	costly.	Perhaps	another	feasibility	study	could	be	conducted	in	partnership	with	Urbana	Champaign	Sanitary	District.			This	is	where	a	partnership	with	the	local	wastewater	treatment	plant	(WWTP)	could	be	considered	a	viable	option.	Incentives	could	be	established	to	assist	both	the	University	and	the	Sanitary	District.	As	the	iCap	report	suggests,	it	is	time	to	show	actual	dollar	amounts	being	saved.	There	is	a	huge	amount	of	food	being	wasted	each	year	in	UIUC	alone.	If	more	incentives	are	not	enacted	soon	to	help	departments,	organizations	and	companies	find	solutions,	there	will	continue	to	be	short-term	solutions	enacted	rather	than	long-term	plans.						
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CHAPTER	5:	CONCLUSION	
	
	
5.1	 Digging	Deeper	The	University	demonstrates	a	multi-prong	approach	to	reducing	and	diverting	the	amount	of	food	waste	at	an	institution.	This	paper	began	with	a	narrative	of	a	summer	when	my	eyes	were	fully	opened	to	the	amount	of	food	waste	accumulating	on	a	daily	basis	at	dining	institutions	across	the	nation.	It	is	only	one	step	in	the	food	system	and	only	one	component	of	the	waste	stream,	yet	it	is	a	component	that	has	been	largely	ignored.			 The	term,	Zero	Waste,	is	the	newest	buzzword.	It	may	not	be	possible	to	achieve	zero	waste	absolutely,	but	institutions	and	food	services	can	certainly	make	a	sizable	reduction.	Diverting	food	waste	is	the	first	logical	step.	The	goal	has	to	be	to	reduce	food	waste	generated	overall.	It	is	not	enough	to	consider	only	the	dining	halls	around	campus.	There	are	still	hundreds	of	restaurants,	coffee	shops	and	cafes	in	the	local	area	to	consider.	The	problem	is	bigger	than	UIUC	can	handle	alone.		 UIUC	should	consider	moving	forward	in	a	joint	effort	with	the	community.	The	cost	to	landfill	is	very	low.	If	there	is	more	incentive	to	keep	organics	out	of	the	landfill,	the	university	(and	other	local	food	service	providers)	might	finally	notice	a	significant	reduction	in	tonnage	being	sent	to	landfill.	Costs	to	landfill	waste	(and	food	waste	more	specifically)	may	continue	to	rise	as	national	and	international	agencies	continue	to	become	increasingly	aware	of	the	environmental	and	social	implications	resulting	from	decades,	if	not	centuries,	of	negligence.		
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5.2	 Food	Waste	and	the	Role	of	Urban	Planning	No	matter	the	topic	of	discussion,	urban	planners	act	as	facilitators	and	mediators	between	parties	of	different	interests	and	should	play	a	key	role	as	intermediaries	in	food	waste	policy.	Considering	the	huge	environmental,	economic	and	social	implications	of	food	waste,	it	is	due	time	for	planners	to	give	more	attention	to	environmental	concerns	and	waste	management.	Planners	are	sometimes	involved	in	development	projects,	and	figuring	out	how	best	to	manage	waste	at	the	local	as	well	as	the	global	level	will	help	communities	prosper	as	a	whole.	By	enabling	public	participation,	planners	should	help	to	define	future	policy	and	formulate	new	financial	incentives	and	mechanisms	for	recovering	food	waste.		 	
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APPENDIX	A	
 Final	paper	submitted	for	Global	Studies,	GLBL	500.	Angela	Urban,	May	2016.				
Wasted	Resources:	The	Implication	of	Food	Waste	on	a	Global	Scale		Food	waste	is	a	global	issue	with	long-lasting	economic,	environmental	and	social	implications.	One-third	of	all	food	produced	for	human	consumption	in	the	world	goes	straight	to	the	landfill	(FAO,	2013).	In	the	United	States,	most	of	the	uneaten	food	ends	up	in	the	landfill,	costing	consumers	$165	billion	per	year	and	$750	million	simply	in	disposal	fees.	Industrialized	nations,	such	as	the	U.S.	and	China,	waste	almost	as	much	food	as	the	entire	net	production	of	food	for	sub-Saharan	Africa,	approximately	222	million	tons.	The	United	Nations	predicts	people	will	need	to	produce	up	to	70	percent	more	food	in	order	to	feed	the	projected	population	of	9	to	10	billion	people	in	2050.	Each	day,	millions	of	perfectly	edible	food	is	thrown	away,	adding	up	to	approximately	1.3	billion	tons	annually	(Gustavsson	et	al,	2011).			 There	are	both	advantages	and	disadvantages	to	looking	at	sustainable	practices	through	both	a	large	and	small-scale	lens.	Case	studies	provide	value	as	a	comparison	to	what	is	possible,	and	yet,	what	works	in	one	place	may	not	be	successful	in	another	place.	In	many	ways,	it	will	be	most	practical	to	achieve	a	desired	result	by	considering	options	on	a	small	scale,	while	also	keeping	a	watchful	eye	on	the	polarizing	effects	of	globalization	(Bauman,	1998).	This	paper	considers	food	waste	on	a	global	scale,	analyzing	the	problem	from	an	economic,	environmental	and	social	standpoint.	Three	countries	are	examined	in	
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close	detail	to	determine	how	different	places	around	the	world	are	dealing	with	food	waste,	noting	the	scale	of	the	problem,	the	actors	involved,	the	market	sources	and	what	insight	can	be	gleaned	from	these	particular	places.			
Food	Loss	vs.	Food	Waste	It	is	important	to	determine	what	is	meant	by	food	waste.	Across	the	board,	there	is	not	a	unified	decision	as	to	what	constitutes	food	waste	and	food	loss.	Food	loss	or	food	waste	is	food	that	has	spoiled	or	been	discarded	in	some	manner.	For	the	purpose	of	this	paper,	the	terms,	food	loss	and	food	waste,	are	used	interchangeably.			 The	loss	may	be	intentional	or	not,	and	it	could	happen	anywhere	within	the	food	system	(see	Figure	A.1).	There	are	five	different	divisions	of	the	food	system	typically	described	(Ericksen,	2008;	Kummu,	2012;	Schneider,	2013).	A	food	system	refers	to	any	part	of	the	process	from	beginning	to	end	of	the	food,	from	growing	to	processing,	to	marketing	to	consumption	and	also	disposing.		
	
Figure	A.1:	Food	system	chain.		 In	developing	countries,	food	loss	is	the	term	most	commonly	used.	The	loss	is	found	mostly	on	the	first	three	items	within	the	food	system	–	from	poor	processing	equipment,	transportation	issues	and	lack	of	infrastructure	for	proper	storage.	The	food	
Production	 Processing	 Transport	 Retail/	Restaurant	 Consumer	
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loss	that	happens	during	production	or	in	storage	is	lost	income	for	the	farmers,	and	it	means	higher	prices	for	the	consumers	in	these	locations.			 In	medium-to-high	income	countries,	food	waste	is	the	term	most	commonly	used	and	is	found	more	at	the	consumption	level.	Industrialized	countries	waste	more	than	40%	at	the	retail	and	consumer	levels.	At	the	retail	level,	food	is	often	wasted	in	large	quantities	due	to	the	food	not	meeting	high	quality	standards	for	appearance.	Retailers	reject	perfectly	edible	“ugly”	food	if	it	does	meet	what	they	believe	is	the	expectation	of	the	consumer.	The	highest	amount	of	waste	happens	at	the	consumer	level—by	purchasing	too	much.			 Across	the	globe,	there	is	not	a	unified	decision	as	to	what	constitutes	food	waste	and	food	loss.	There	are	numerous	definitions.	Perhaps	this	is	why	the	biggest	producers	of	food	waste	have	not	found	a	consistent	way	to	deal	with	the	issue.		In	China,	for	example,	out	of	the	272	million	tons	of	food	waste	generated	in	2012,	only	17%	was	recovered.	Most	of	China’s	food	waste	is	sent	to	landfill,	and	an	effective	recovery	system	has	not	yet	been	actualized	(Dou,	2015).	A	similar	situation	has	taken	place	in	the	U.S.	The	Environmental	Protection	Agency	estimated	that	in	2010,	out	of	the	34	million	tons	of	food	waste	accumulated	that	year,	only	3%	was	recovered	(EPA,	2011).			 Food	waste	totals	approximately	$680	billion	dollars	in	loss	from	industrialized	countries	and	$310	billion	from	developing	countries.	It	has	been	found	that	the	wealthier	a	nation	becomes,	the	more	likelihood	for	overconsumption,	particularly	in	food	purchases.	
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Simply	by	reducing	waste	at	the	retail,	restaurant	and	consumer	levels,	a	considerable	amount	of	waste	could	be	diverted	from	the	landfill	and	savings	incurred	(FAO,	2013).		 Food	loss	and	waste	are	a	poor	use	of	resources—including	water,	land,	energy,	labor,	and	capital.	It	also	contributes	to	global	greenhouse	emissions	(See	Figure	A.2),	which	effects	global	warming	and	climate	change.	If	food	loss	and	waste	were	a	country	it	would	produce	the	third	highest	greenhouse	gas	emissions	(GHG),	right	behind	China	and	the	U.S.	(FAO,	2013).		
	
Figure	A.2:	Top	10	highest	greenhouse	gas	(GHG)	emissions	based	on	country	as	compared	to	the	total	
global	food	waste	emissions.	
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From	the	social	perspective,	globally,	there	is	a	problem	in	both	industrialized	and	developing	nations	with	food	insecurity.	People	are	hungry	and	the	numbers	are	continuing	to	escalate.	Food	insecurity	is	commonly	thought	of	as	a	third	world	problem,	yet	people	struggle	with	it	right	here	in	the	U.S.	as	well.	How	can	so	much	be	wasted	when	there	are	hungry	people	throughout	the	world?		
	
Digging	In	The	further	down	the	food	system	the	waste	occurs,	the	higher	in	carbon	emissions.	The	reason	for	this	is	because	it	may	have	already	gone	through	harvesting,	processing	and	transportation.	For	example,	a	bushel	of	oranges	wasted	at	the	agricultural	stage	will	have	a	much	lower	carbon	footprint	than	a	gallon	of	orange	juice	wasted	at	the	restaurant	since	the	orange	juice	would	have	also	gone	through	harvesting,	processing,	transportation	that	continues	along	the	supply	chain.	The	fact	that	carbon	emissions	are	so	much	higher	the	further	along	the	food	system	chain	is	why	there	is	so	much	literature	blaming	the	consumer	rather	than	the	producer.	Then	again,	there	is	also	literature	written	about	waste	at	the	production	level.	What	there	is	considerably	less	of	are	academic	papers	analyzing	the	intermediate	levels	of	the	food	system	(Schneider,	2013).				 At	the	consumer	level,	food	waste	happens	not	only	at	the	residential	level	but	also	at	grocery	stores,	restaurants,	institutions,	and	other	food	service	establishments.	For	example,	in	order	to	eat	quickly,	a	restaurant	or	cafeteria	has	to	pre-make	meals.	The	restaurant	may	not	know	exactly	how	many	people	will	purchase	food	on	any	given	day,	so	meals	are	based	on	calculated	estimates	(and	sometimes	simply	by	guesswork).	They	also	
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do	not	necessarily	know	what	individuals	will	choose	to	eat,	so	again,	more	estimates	have	to	be	figured	to	ensure	there	are	ample	choices.			 Imagine	the	amount	of	perfectly	edible	food	being	wasted	in	food	service,	the	surrounding	community,	the	state,	country	and	the	whole	world.	Instead	of	looking	at	food	scraps	through	the	lens	of	waste	management,	stakeholders	should	be	looking	at	it	as	a	wasted	resource	(Gille,	2007).		
	
Figure	A.3:	U.S.	EPA	breakdown	of	municipal	solid	waste	(MSW)	in	the	U.S	in	the	year	2010.		
Making	the	invisible	visible	The	paper,	Intermediaries	Between	Science,	Policy	and	the	Market,	explores	the	role	that	intermediary	agencies	and	individuals	can	play	in	advancing	science,	policy	and	the	
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economy	by	mobilizing,	reframing	and	restructuring	the	problem.	This	seemingly	institutional	system	is	transferring	knowledge	and	objects	in	a	way	that	is	creating	and	managing	the	links	between	science,	policy	and	the	market.	This	role	allows	for	new	hybrid	forms	that	have	not	otherwise	been	utilized	(Meyer,	2013).		 Along	these	same	lines,	Gille	mentions	in	From	the	Cult	of	Waste	to	the	Trash	Heap	of	
History,	that	citizens	should	be	given	more	power	to	make	informed	decisions	about	what	and	how	much	is	consumed	and	wasted.	She	says	as	is	currently	the	state	of	affairs,	producers	are	in	control	of	how	much	and	what	types	of	waste	are	being	produced;	and	yet,	the	state	and	public	determine	the	infrastructure.	The	public	should	ultimately	be	involved	from	the	beginning	of	the	process	(Gille,	2007).			 Though	there	is	literature	on	waste	management	and	considering	waste	as	a	resource	(Evans	et	al,	2013;	Gille,	2013),	there	is	less	social	scientific	focus	on	food	waste.	Urban	planners	should	be	paying	attention.	In	fact,	the	APA	website	has	an	entire	write-up	on	the	important	role	urban	planners	can	play	in	this	field.	For	example,	the	waste	that	happens	along	the	food	system	is	mentioned	as	an	area	in	need	of	further	attention	(APA,	2007).	Urban	planners	play	a	key	role	as	intermediaries	in	food	waste	policy	not	only	as	knowledge	translators	or	matchmakers,	but	also	through	enabling	public	participation,	defining	future	policy,	and	formulating	new	financial	incentives	and	mechanisms	(Meyer,	2013).	Gille	notes	that	waste	is	a	larger	problem	than	simply	engineers	can	solve.	It	is	much	bigger	than	that	and	is	due	to	varying	differences	and	beliefs	among	nations	in	“culture,	morality,	ideologies,	economic	interests,	social	inequalities	and	power	struggles”	(Gille,	
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2013).	Other	important	actors	include	nongovernmental	organizations,	state	and	local	governing	agencies,	businesses	as	well	as	the	local	community.			Economic	The	FAO	estimates	that	industrialized	countries	waste	considerably	more	on	a	per	capita	basis	than	developing	nations	(Gustavsson	et	al,	2011;	Porpino	et	al,	2015).	In	the	paper,	The	Performativity	of	Food	Packaging:	Market	Devices,	Waste	Crisis	and	Recycling,	Hawkins	discusses	the	evolution	of	food	packaging	and	how	it	evolved	as	a	political	tool	to	increase	efforts	in	municipal	recycling	(Hawkins,	2013).	The	central	claim	of	the	paper	invokes	that	packaging	is	used	as	an	agent	in	food	systems,	but	it	also	plays	a	major	role	in	forming	political	processes.	This	is	interesting	and	is	also	reminiscent	of	what	Lindblom	explains	in	the	book,	The	Market	System.	Societal	coordination	is	the	natural	state	of	being	rather	than	governmental	force	or	planning	(Lindblom,	2001).			Environmental	Besides	methane	emissions	and	the	major	pollutants	adding	up	to	greenhouse	gas	emissions,	landfills	have	a	lifespan.	When	a	landfill	becomes	full,	another	location	for	waste	has	to	be	located.	Some	states	and	countries	are	out	of	room	and	must	ship	waste	overseas.	Food	is	the	heaviest	per	volume	within	the	waste	stream	(i.e.	the	most	expensive	in	tipping	fees).	If	people	are	able	to	eliminate	this	component	out	of	the	waste	stream	altogether,	there	could	be	an	increase	in	the	life	span	of	the	landfills	by	double	and	triple	in	some	cases.	This	interdependence	between	the	landfills	in	different	states	and	countries	has	a	
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direct	influence	on	other	states/countries	as	well	as	the	overall	effect	on	global	warming	(Held,	1999).			Social	 Similarities	and	differences	between	both	the	developing	and	industrialized	nations	include	the	fact	that	both	contain	millions	of	people	experiencing	food	insecurity.	Industrialized	nations,	such	as	the	U.S.,	are	also	dealing	with	high	rates	of	obesity	and	diabetes	as	well.		 There	is	also	the	notion	that	waste	plays	a	part	within	a	larger	nexus	of	energy,	water	and	food	(De	Laurentiis	et	al,	2016).	In	order	to	feed	the	projected	9	billion	people	by	2050,	one	of	the	greatest	challenges	of	the	21st	century,	there	has	to	be	shift	in	public	discourse.	By	reducing	waste	in	every	stage	along	the	food	system,	at	least	half	of	food	loss	could	be	prevented.	This	means	that	at	least	one	billion	extra	people	could	eat	and	become	food	secure	(Kummu,	2012).				 In	the	paper,	Reducing	solid	waste	in	higher	education:	The	first	step	towards	
‘greening’	a	university	campus,	the	authors	mention	that	three	universities	in	Ontario	showed	that	organic	waste	comprised	17-29%	of	the	overall	waste	stream.	A	university	in	British	Columbia	revealed	that	60%	came	from	organic,	compostable	material	(Smyth	et	al,	2010).	The	authors	also	mention	the	challenge	universities	have	in	reducing	these	percentages	if	the	only	initiatives	come	from	students.	Administration	must	recognize	the	need	to	“institutionalize”	the	process	for	diverting	organic	waste	entirely	from	the	landfill.	
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Policies	must	be	established	and	minor	capital	investment	may	be	incurred,	but	it	will	lead	to	greater	participation	by	staff,	faculty	and	students	once	implemented	(Smyth	et	al,	2010;	Ching	and	Gogan,	1992,	van	Handel,	2004.)		
International	Case	Studies	South	Korea	Beginning	in	2012,	the	South	Korean	government	took	a	strict	measure	to	cut	back	on	food	waste.	They	created	and	enforced	policy	that	affects	residents,	restaurants,	street	vendors,	and	grocery	stores.	Residents	and	food	service	owners	are	charged	based	on	the	exact	amount	of	food	thrown	away.	In	2012	alone,	South	Korea’s	50	million	citizens	produced	17,000	tons	of	food	waste	per	day	according	to	government	estimates.	There	is	very	little	landfill	space,	hence	the	necessity	to	introduce	such	a	stringent	measure	(Lee,	2012).		 Initial	implementation	of	the	measure	resulted	in	30%	less	food	being	thrown	away	in	residences	and	40%	in	restaurants.	Approximately	10%	of	the	food	collected	has	been	turned	into	animal	feed	while	some	of	it	is	used	to	generate	electricity.	The	operating	cost	for	the	recovery	facilities	is	costing	the	government	40%	and	the	citizens	60%--totaling	$8	to	9	million	per	year	in	savings.	Due	to	implementation	of	this	policy,	landfills	used	by	South	Korea	only	contain	3-5%	food	waste.		(Chrobog,	2015).		Brazil	 The	food	lost	and	wasted	in	Latin	America	could	feed	as	many	as	300	million	people.	
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Few	food	waste	policies	have	been	enacted	over	the	years,	but	grass	roots	initiatives	in	several	cities	have	taken	hold	and	have	received	global	recognition.	In	Brazil,	it	is	estimated	that	39,000	tons	of	food	are	wasted	each	day,	and	yet,	14	million	Brazilians	are	in	need	of	food	(Bustani,	2009).			 In	the	capital	city	of	Parana,	known	as	Curitiba,	a	waste	policy	was	implemented	in	2009	but	unofficially	started	about	ten	years	earlier	(Power,	2009).	A	then-mayor	of	the	city	and	current	architect/urban	planner	by	the	name	of	Jaime	Lerner	led	the	initiative.	The	municipal	government	first	enacted	measures	to	assist	with	urban	agriculture,	as	food	waste	was	targeted	specifically.	They	provided	technical	assistance	and	basic	education	to	local	farmers.			 	The	Hunger	Zero	Program,	under	past	President	Silva,	included	objectives	such	as	“transforming	waste	into	resources.”	In	Curitiba,	Learner	made	this	happen	by	means	of	the	“Green	Exchange”	program	where	low-income	residents	could	bring	garbage	to	the	city	center.	The	trash	gets	exchanged	for	bus	tickets,	food	and	health	services.	For	4kg	of	trash	turned	in,	up	to	2kg	of	food	can	be	given	in	return	(Segrè	&	Gaiani,	2012).	While	this	program	did	not	initially	target	food	waste,	the	goal	was	to	source	separate	organics	from	recyclable	inorganics.	The	trucks	collected	waste	such	as	paper,	metal,	cardboard,	plastic	and	glass.	Since	nearly	80%	of	waste	generated	at	the	residential	level	in	Brazil	is	food-related,	it	would	have	been	even	better	if	the	program	could	have	considered	donation/recycling/composting	food	waste.	Yet,	much	good	has	come	from	the	program.	Local	citizens	were	hired	to	work	in	the	recycling	centers,	thus	offering	employment.	Also,	
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the	local	community	was	given	the	power	to	clean	up	the	river	and	the	city.	Little	by	little,	the	city	has	been	transformed	into	a	‘green’	and	internationally	known	city.			 Another	example	in	Brazil	is	happening	in	Sao	Paulo.	The	international	organization	known	as	Carrefour	Foundation	works	alongside	local	non-profits.	They	go	to	local	markets	and	ask	for	the	food	that	will	be	thrown	away	at	the	end	of	the	day	be	saved	for	donation.	This	food	is	then	redirected	to	food	banks.	The	foundation	provides	the	expertise,	and	the	community	benefits	(Carrefour	Foundation,	2015).		 One	last	example	is	from	Regina	Tchelly	in	Rio	de	Janeiro.	In	2011,	she	launched	Favela	Organica,	a	program	that	teaches	favela	residents	how	to	cook	sustainably	by	using	every	part	of	the	food,	including	husks	and	stalks	(Basildon,	2015).	While	it	is	unclear	where	it	might	have	first	initiated,	this	technique—using	all	of	the	food	in	question—has	been	replicated	in	other	places	in	Brazil,	as	well	as	other	cities	throughout	the	world	(FAO,	2013).			France	The	food	wasted	in	Europe	could	feed	nearly	200	million	people.	In	France	alone,	the	United	Nations	World	Food	Programme	(WFP)	said	that	the	leftovers	in	France	could	feed	the	entire	Democratic	Republic	of	Congo	(WFP,	2006;	Segrè	&	Gaiani,	2012).	Many	countries	within	the	EU	having	created	measures	to	reduce	food	waste	(European	Commission,	2016).	One	country	in	particular,	France,	is	incredibly	noteworthy.			
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France	is	the	first	and	only	country	in	the	world	to	completely	ban	supermarkets	from	throwing	away	unsold	food.	They	are	forced	to	donate	it	to	the	charities	or	food	banks.	Supermarkets	are	also	not	allowed	to	deliberately	allow	food	to	spoil	or	to	otherwise	make	it	inedible.	For	example,	prior	to	the	law	being	passed,	supermarkets	were	known	to	pour	bleach	all	over	the	food	in	the	garbage	bin	in	order	to	prevent	people	from	foraging	for	food	behind	the	stores.	Community	stakeholders,	such	as	local	citizens,	pushed	for	the	policy.	For	community	members,	it	seemed	unfair	that	those	who	could	not	afford	food	and	needed	to	sort	through	the	bins	behind	the	store	were	getting	sick	from	chemicals	poured	on	the	food.	On	the	other	hand,	the	supermarkets	were	simply	trying	to	keep	‘vagabonds’	away	from	their	stores.	The	law	was	quickly	passed	earlier	this	year	(Chrisafis,	2016).		
The	Global	Connection	Karl	Marx	borrows	the	definition	for	commodity	from	English	economists,	such	as	Adam	Smith,	of	the	eighteenth	and	nineteenth	centuries	as	“anything	necessary,	useful	or	pleasant	in	life”	(Marx,	1976).	Thus,	from	this	definition,	food	would	be	considered	a	commodity.	O’Brien	further	elaborates	by	noting	that	food	waste	is	no	longer	considered	food	but	is	a	product	of	over-consumption	from	a	capitalistic	society	(O’Brien,	2013).	Too	much	of	the	commodity	is	produced	for	everyone	to	efficiently	consume,	and	thus,	it	no	longer	appears	to	have	any	use-value	(Marx,	1976).			 In	terms	of	large-scale	improvement,	coordinated	effort	between	the	state,	the	local	community	and	businesses	has	to	happen.	The	state	will	not	have	enough	buy-in	if	the	
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terms	are	forced	and	public	involvement	is	not	part	of	the	plan.	Moreover,	coordinated	effort	also	has	to	take	place	between	the	state	and	other	states.	The	EU	presents	an	example	of	how	coordinated	effort	through	the	use	of	several	NGOs	and	the	UN	has	allowed	for	success	in	implementation.	In	the	past	five	years,	countries	in	the	EU	were	able	to	reduce	their	food	waste	stream	by	20-25%.	The	U.S.	EPA	has	released	a	goal	to	reduce	food	waste	by	half	by	2030,	but	unlike	the	EU,	enforcement	is	not	likely	to	happen	unless	individual	actors	and	organizations	get	more	involved.			
Conclusion	If	only	a	quarter	of	the	food	currently	lost	or	wasted	globally	could	be	saved,	it	could	feed	as	many	as	870	million	people	who	are	currently	food	insecure.		It	is	a	costly	resource	we	are	quite	literally	throwing	away,	and	it	is	ruining	our	environment.		Organizations	and	countries	throughout	the	world	are	finally	starting	to	take	notice.		It	may	not	be	possible	to	achieve	zero	waste	absolutely,	as	some	waste	is	inevitable.	However,	people	can	certainly	make	a	sizable	reduction.	Diverting	food	waste	is	the	first	logical	step.	Also,	it	is	important	to	note	that	it	takes	individuals	with	passion	and	interest	in	the	given	action.	If	there	are	not	people	genuinely	interested	in	helping	to	mitigate	the	effects	of	global	warming,	to	reduce	unnecessary	costs	and	wasteful	spending,	to	reduce	food	insecurity	locally—then	it	will	not	happen.						
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APPENDIX	B	
	Brickyard	Landfill,	Danville,	Illinois	
	
	
Nonhazardous Solid Waste Management and Landfill Capacity in Illinois:  2010  R4.2 
Brickyard Disposal and Recycling Inc. 
County Vermilion 
Municipality Danville 
Location 601 E. Brickyard Road 
Location  217-443-3128 
 
Facility Facts 
Identification number 1838040029 
Design capacity, cu.yds. 14,200,000 
Total permitted landfill area, acres 293 
Permitted disposal area, acres 152 
Highest permitted elevation, feet (msl) 716 
Years remaining, estimated by landfill 14 
Date/year to open -- Date/year to close 12-31-72 - 2025 
 
Waste Received:  2009 and 2010 
                                     TOTAL WASTE ACCEPTED             OUT-OF-STATE WASTE ACCEPTED       
 gate cu. yds. tons tons/day gate cu/yds. tons % of total 
2009  784,948  237,863     915   37,593   11,392       5 
2010  936,302  283,728    1,091   36,003   10,910       4 
2010 State of Origin:  Illinois, Indiana 
Remaining Capacity:  Jan. 1, 2010 and Jan. 1, 2011 
2010 certified gate cu. yds. (tons) 14,449,000 (4,378,000) 
2011 certified gate cu. yds. (tons) 13,879,000 (4,206,000) 
 
Contacts 
Owner   Operator  
Brickyard Disposal and Recycling Inc.** 
P.O. Box 985 
Danville, IL   61834-0985 
Contact:  Ken Samet 
 217-443-3128 
Brickyard Disposal and Recycling Inc.** 
P.O. Box 985 
Danville, IL   61834-0985 
Contact:  Ken Samet 
 217-443-3128 
**A subsidiary of Allied Waste Industries Inc., 18500 N. Allied Way, Phoenix, AZ 85054, 480-627-2700.  Regional Office:  
13832 S. Kostner Ave., Crestwood, IL  60445, 708-824-3060.  The overall parent company as of 12-5-08, is Republic Industries 
Inc. 
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APPENDIX	C	
	Presentation	from	University	Housing	Dining	Services,	“Going	Trayless:	Changing	Dining	One	Tray	at	a	Time,	ACPA	Sustainability	Conference,”	June	2011.			
		 	
Going Trayless:  
Changing Dining One Tray at a Time 
 
ACPA Sustainability Conference 
June 13, 2011 
Tray Usage in Animal House 
http://www.youtube.com/watch?v=u48PvBTl3u8 
University of Illinois Background 
§  The University began as a land grant university in 
1867 
§  The University is comprised of 316 main campus 
buildings and 705 total buildings 
§  23 undergraduate residence halls 
§  In 2010 there were 43,862 students enrolled, 
31,540 undergraduate and 12,322 graduate 
 
Dining Background 
§  Dining operates six (6) all you care to eat 
facilities 
§  There are four (4) a la carte facilities and one (1) 
convenience store operated by dining 
§  In 2010-11, dining had 8,200 plus meal plan 
holders 
§  Dining serves more than 24,000 AYCTE meals 
daily 
§  Retail units sells more than 15,000 items daily 
HOUSING SUSTAINABILITY COUNCIL 
Background 
§   STRATEGIC PLAN: STEWARDSHIP OF RESOURCES 
§  University Housing’s 2010 Strategic Plan identified 
stewardship of resources as critical to our long-term 
success. According to the plan 
 
§  Stewardship of resources means “University Housing will 
demonstrate intentional and transparent stewardship 
of the financial, physical, and human resources of our 
entire organization. We will seek to use and conserve 
our resources in an effective manner that meets the 
needs of our residents and customers seeking and 
expecting excellent value.”  
 
HOUSING SUSTAINABILITY COUNCIL 
Background 
§  University Housing had already initiated a number of 
sustainability efforts; however, the University developed 
the Illinois Climate Action Plan (iCAP) in May 2010, 
identifying new sustainability mandates with which Housing 
will need to comply. Additionally, the Student Sustainability 
Committee (SSC) was asking for support on multiple 
initiatives.  
 
§  As a result, University Housing identified the need to pool 
our sustainability resources through a single point of 
contact and Established January 2011 
§  Charged with reviewing internal operations to identify and 
propose solutions 
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 HOUSING SUSTAINABILITY COUNCIL 
§ Established in January 2011, the Housing Sustainability Council 
(HSC) was charged with reviewing internal operations to identify 
and recommend solutions to help Housing operate in a more 
financially and environmentally sustainable way, and to create and 
distribute educational materials that build awareness around 
sustainability issues and encourage employees to take action. 
§ The Council supports the current strategic plan of University 
Housing and aims to establish sustainability practices that will 
endure beyond the current strategic plan. 
§ The HSC, which meets biweekly, consists of eight (8) University 
Housing staff members and one (1) student representative from 
the Student Sustainability Committee. 
Dining Sustainability Initiatives 
LOCAL PURCHASING 
§ Twenty-five per cent (25%) of Dining Services’
purchases can be defined as local (items
produced or processed within 180 miles of
Champaign-Urbana).
§ Eighteen percent (18%) of total purchases are
produced or processed within one hundred (100)
miles
Dining Sustainability Initiatives 
CAMPUS FARM AND COMPOSTING 
§ Dining Services receives a supply of produce from the
University of Illinois Sustainable Student Farm.
–  The farm, which utilizes organic methods, is located on
at Lincoln and Windsor Roads. The use of high tunnels
allows for year-round production, beginning with salad
greens, leaf lettuce and braising greens in March 2010.
–  The student farm’s composting project is supported by a 
$100,000 grant from the Sustainability Technology
Center.
*Note: This summer the farm will be devoted to lettuce, peppers, herbs, 
tomatoes, bok choy, squashes, cucumbers, eggplant, and melons.
Dining Sustainability Initiatives 
SEAFOOD PURCHASING PREFERENCE  
§ Fifty-five (55%)percent of seafood purchases meet the 
Monterey Bay Aquarium’s Seafood Watch Program, which 
recommends sustainable, responsible seafood choices.
VEGETARIAN AND VEGAN OPTIONS  
§ Nutritionally complete vegetarian and/or vegan options are 
available at every meal. Vegan food supplements available at 
dining locations include Brewer’s yeast, soy cheese, amino 
acids, almond milk, and rice milk.
BIODEGRADABLE COMPOSTABLE DISPOSABLES  
§ Biodegradable compostable items are used for a la carte 
locations and dining events where disposables are needed, 
such as Convocation.
Dining Sustainability Initiatives 
§ Meat fats are utilized by a local farmer in bovine feed as a
feed dust eliminator.
§ Waste vegetable oil is collected from the Residential Dining
Facilities for the manufacturing of biodiesel which is used in 
University vehicles which are retrofitted to burn biodiesel.
–  Academic year weekly amount of waste vegetable oil is approximately 
480 gallons; biodiesel production is 1:1, one (1) gallon of biodiesel for 
every one (1) gallon of waste vegetable oil excluding byproducts. 
–  During warmer months, biodiesel is mixed with traditional vehicle non-
diesel fuel up to 15%. By not using more than 15% vehicles do not 
require to be retrofitted. 
§ Experimentation is in progress on using a byproduct of the 
biodiesel process (glycerin) to create soap for ware 
washing.
Dining Sustainability Initiatives 
WASTE REDUCTION  
§ All locations in residential
dining facilities are trayless
as of fall 2010!
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Trayless FAQs 
§  Began in Fall 2008 
§  All Residential Dining Locations are 
trayless in Fall 2010 
§  New Student Convocation became trayless 
in 2008 
§  First Big 10 to be trayless 
Trayless Chronology in Residential Dining 
§  PAR – 1st trayless location in Fall 2008 
§  LAR – trayless in Spring 2009 
§  FAR – trayless in Fall 2009 
§  Busey-Evans – trayless in Spring 2010 
§  ISR – trayless in Fall 2010 
§  IKE – trayless in Fall 2010 
 
Waste Reduction Data 
§  Waste per student per day calculation 
§  Baseline waste data – composting 
feasibility study in spring 2007 
§  Post consumer waste study – fall 2008 
§  Post consumer waste study – spring 2009 
§  Post consumer waste study – fall 2009 
§  Post consumer waste student fall 2010 
 
Post Consumer Waste Reduction Data 
§  Waste  at 23.4oz per person per day 
–  Including liquids 
§  Waste at 20.48oz per person per day 
–  Including liquids 
§  Waste at 10.5oz per person per day 
–  Excluding liquids 
–  55% reduction from baseline 
§  Waste at 4.47oz per person per day 
–  Excluding liquids 
–  80% reduction from baseline 
 
Residential Dining Post Consumer Waste  
§  Waste study performed December 5-12, 2010  
POST	CONSUMERS	WASTE	TOTALS	
FAR	 ISR	 LAR	 PAR	 IKE	
LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	
5-Dec		 		 		 		 		 		 		 		 		 		
B		 		 0	 0	 24	 38	 6	 47		 58	
L		 		 203	 691	 171	 667	 190	 919	 386	 1553	Notes:	
D	 110	 408	 208	 737	 141	 679	 273	 800	 633	 2023	Does	not	include	beverage	waste	
6-Dec		 		 		 		 		 		 		 		 		 		 Does	include	disposable	napkins	
B		 		 67	 237	 66	 261	 79	 417	 183	 547		 Meal	not	served	
L	 80	 376	 211	 1100	 151	 681	 207	 728	 384	 2067		
Post	consumer	trash	weighed	at	
next	meal	period	
D	 176	 477	 221	 994	 218	 709	 313	 1097	 638	 2457	
7-Dec		 		 		 		 		 		 		 		 		 		
B		 		 36	 234	 67	 252	 56	 376	 120	 516	
L	 81	 398	 315	 1009	 170	 631	 251	 726	 436	 1921	
D	 333	 688	 240	 1031	 307	 697	 521	 966	 1202	 2402	
8-Dec		 		 		 		 		 		 		 		 		 		
B		 		 58	 263	 60	 224	 69	 405	 156	 587	
L	 86	 353	 180	 1087	 156	 666	 238	 646	 528	 1967	
D	 83	 464	 287	 795	 165	 423	 277	 1069	 572	 2169	
9-Dec		 		 		 		 		 		 		 		 		 		
B		 		 50	 158	 41	 139	 49	 244	 103	 312	
L	 135	 412	 202	 686	 179	 619	 247	 744	 470	 2014	
D	 163	 522	 173	 850	 169	 627	 280	 1021	 615	 2140	
10-Dec		 		 		 		 		 		 		 		 		 		
B		 		 61	 296	 61	 210	 75	 406	 176	 526	
L	 125	 474	 280	 763	 173	 661	 278	 720	 535	 1970	
D		 		 118	 750	 118	 497	 221	 1307	 646	 1954	
11-Dec		 		 		 		 		 		 		 		 		 		
B		 		 		 20	 25	 82	 16	 111	 40	 125	
L		 		 258	 703	 161	 516	 237	 933	 529	 1685	
D		 		 126	 643	 169	 613	 203	 1084	 518	 1791	
1372	 4572	 3294	 13047	 2792	 9892	 4086	 14766	 8870	 30784	 20414	73061	
Oz.	pp.	 4.80	 4.04	 4.52	 4.43	 4.61	 4.47	
§  Waste reduction of 9616# per day  
§  Post Consumer waste 2271# per day 
 
0
5
10
15
20
25
Spring	2008 Fall	2008 Fall	2010
Change	in	food	waste	oz
Series	1
Residential Dining Post Consumer Waste  
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Waiting for smart car graph Chemical Ware-washing Usage 
 
§  Purchases of chemicals fell 12.9% between FY09 
and FY10 
–  In FY09, Chemical Units purchased 3,268 at 114,654lbs. 
–  In FY10, Chemical Units purchased 2,846 at 98,886 lbs. 
–  Note: Units are approximately 35 lbs. each. 
§  The following chart illustrates the chemicals 
transferred to the dining units from our 
warehouse in pounds 
Chemical Ware-washing Usage 
90000	
95000	
100000	
105000	
110000	
115000	
120000	
HFS	Chemical	
Pounds	Sold	2007	
Pounds	Sold	2008	
Pounds	Sold	2009	
Pounds	Sold	2010	
Water Usage Reduction 
 
§  Water usage is reduced by 516 
gallons per day 
 
§  Water usage is reduced by 
110,940 gallons per year 
Waiting for graph from movie Purchasing Change Examples 
Purchased 8,350 cases then, 5,534 now 
§  Purchasing 2,816 cases of chicken tenders less 
–  28,160 lbs. less 
–  $23.62/10# case - $66,513.92 less 
Purchasing 4,326 cases then, 3,762 now 
§  Purchasing 564 cases of fryer oil less 
–  19,740 obs. less 
–  $40.86/case - $23,045.04 less 
$89,558.96 reduction 
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Waiting for chicken tender purchasing  
graph Purchasing Change Examples 
 $(500,000.00) 
 $-    
 $500,000.00  
 $1,000,000.00  
 $1,500,000.00  
 $2,000,000.00  
 $2,500,000.00  
 $3,000,000.00  
 $3,500,000.00  
Purchases 2007 Purchases 2008 Purchases 2009 Purchases 2010 
Unit Direct Purchases 
No Rollup Product Group Specified 
Baked Goods 
Beverages 
Covenience Items Food 
Dairy/Eggs 
Fresh Produce 
Internal Transfers 
Meat/Protein Equiv 
Misc Catering 
Misc Credits 
Staples 
Chemicals 
Floral Supplies 
Purchasing Change Examples 
 $7,500,000.00  
 $8,000,000.00  
 $8,500,000.00  
 $9,000,000.00  
 $9,500,000.00  
 $10,000,000.00  
2008 2009 2010 
Total HFS Transfers 
Total Direct Purchases 
Purchasing Change Examples 
 $8,000,000.00  
 $8,100,000.00  
 $8,200,000.00  
 $8,300,000.00  
 $8,400,000.00  
 $8,500,000.00  
 $8,600,000.00  
 $8,700,000.00  
 $8,800,000.00  
 $8,900,000.00  
 $9,000,000.00  
 $9,100,000.00  
2008 
2009 
2010 
Total Direct Purchases 
Total Direct Purchases 
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With Tray 
Totals 
Calories=1931 
Fat = 122 gm 
Protein= 48gm 
Carbs=175 gm 
Weight=31.2 
 
Without 
Tray 
Totals 
Calories=1423 
Fat = 88 
Protein= 34gm 
Carbs=113 gm 
Weight=24.7  
 
Food	Item	 PorAon	Size	 Calories	 Fat	(g)	 Protein	(g)	 Carbs	(g)	 Weight	(oz)	
Chicken	Tenders	 4	Pieces	 640	 43	 26	 40	 7	
Curly	Fries	 3/4	Cup	 237	 17	 2	 20	 3	
Ketchup	 2	Tbsp	 30	 0	 0	 8	 1	
Brownie	 1	Bar	 285	 17	 3	 31	 2	
Romaine	Salad	 1.5	Cups	 12	 0	 1	 2	 2.5	
Ranch	Dressing	 2	Tbsp	 93	 10	 1	 1	 1	
Croutons	 6	Pieces	 30	 1	 1	 5	 0.2	
Coca	Cola	 1	Cup	 96	 0	 0	 26	 8	
Total:	 1423	 88	 34	 113	 24.7	
Food	Item	 PorOon	Size	 Calories	 Fat	(g)	 Protein	(g)	 Carbs	(g)	 Weight	(oz)	
Chicken	Tenders	 6	Pieces	 960	 66	 39	 60	 10.5	
Curly	Fries	 1.25	Cup	 395	 28	 3	 34	 5	
Ketchup	 2	Tbsp	 30	 0	 0	 8	 1	
Brownie	 1	Bar	 285	 17	 3	 31	 2	
Romaine	Salad	 1.5	Cups	 12	 0	 1	 2	 2.5	
Ranch	Dressing	 2	Tbsp	 93	 10	 1	 1	 1	
Croutons	 6	Pieces	 30	 1	 1	 5	 0.2	
Coca	Cola	 1	Cup	 96	 0	 0	 26	 8	
Total:	 1931	 122	 48	 175	 31.2	
The Impact 
6.5	Ounces	of	food	per	meal	
	
508	Calories	per	meal	
	
19.5	Ounces	of	food	per	day	(3	
meals/day)	
1524	Calories	per	day	(3	meals/
day)	
On	average,	going	tray-less	saves…	
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Food	Item	 PorAon	Size	 Calories	 Fat	(g)	 Protein	(g)	 Carbs	(g)	 Weight	(oz)	
Pepperoni	Pizza	 1	Slice	 341	 16	 17	 31	 5	
BBQ	Chicken	 1	Each	 256	 5	 42	 8	 5	
Steak	Fries	 1/4	Cup	 137	 8	 1	 15	 2	
Cheese	Sauce	 1	Tsp	 13	 1	 0	 1	 .5	
Salad	with	
Vegetables	 1.5	Cup	 21	 0	 2	 5	 4	
Ranch	Dressing	 1	Tbsp	 46	 5	 0	 0	 1	
Lemon	Bar	 1	Each	 168	 11	 4	 13	 2	
Coca	Cola	 1	Cup	 96	 0	 0	 26	 8	
																			Total:	 	 1078	 46	 66	 99	 27.5	
Food	Item	 PorAon	Size	 Calories	 Fat	(g)	 Protein	(g)	 Carbs	(g)	 Weight	(oz)	
Pepperoni	Pizza	 2	Slices	 681	 33	 35	 63	 9	
BBQ	Chicken	 1	Each	 256	 5	 42	 8	 5	
Steak	Fries	 ½	Cup	 274	 16	 3	 30	 4	
Cheese	Sauce	 2	Tbsp	 77	 7	 1	 4	 2	
Salad	w/	Bacon,	
Cheese,	Carrots	 2	Cups	 123	 9	 10	 2	 2.5	
Ranch	Dressing	 2	Tbsp	 93	 10	 1	 1	 2	
Lemon	Bar	 1	Each	 168	 11	 4	 13	 2	
Coca	Cola	 1	Cup	 96	 0	 0	 26	 8	
																			Total:	 	 1768	 91	 96	 147	 34.5	
With Tray 
Totals 
Calories=1768 
Fat = 91 gm 
Protein=96 gm 
Carbs=147 gm 
Weight=34.5 
 
Without 
Tray 
Totals 
Calories=1078 
Fat = 46gm 
Protein= 66gm 
Carbs=99 gm 
Weight=27.5  
 
The Impact 
			7					Ounces	of	food	per	meal	
	690			Calories	per	meal	
		21					Ounces	of	food	per	day	
(3	meals/day)	
	2070		Calories	per	day	(3	
meals/day)	
On	average,	going	tray-less	saves…	
Conclusions 
§  Choosing food 89% always or almost always 
choose entrée first. 
§  Close behind is starch at 54% 
§  Salad bar at 37% 
§  Influences on food choices 
–  Favorite food 84% always or almost always 
–  Food Preparation 61% look at food preparation 
–  Time 55% 
–  Healthy choices  59%  
Conclusions continued 
§  How has trayless influenced your food choices? 
 I go back for second more often: 
–  42% always or almost always 
–  53% rarely or never 
I eat less food. 
-  35% always or almost always 
-  59% rarely or never 
I always get enough to eat. 
-  66% always or almost always 
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Conclusions Continued 
§  Are you satisfied with the amount of food you can 
put on your plate? 
 80% always or almost always! 
§  Do you usually go back for food? 
 52% always or almost always 
 46.5% rarely or never 
§  If you do go back what food items do you 
choose? 
–  Meat chicken fish  43% 
–  Dessert   56% 
–  Beverages   81% 
Conclusions continued 
§  Is operating a sustainable food service important 
to you? 
–  66.4% yes 
–  21.42%  no 
§  Is reducing food waste important you? 
–  82% yes 
–  16.3%  no 
§  Are you satisfied with your food choices? 
–  71% yes 
–  25% no  
Summary 
§  Students get it!  They are prioritizing what they 
put on their plate and they are wasting less food 
§  Sustainability is important to students! 
§  Going Trayless saves tremendous amount of 
waste: water, chemicals, food – resources! 
§  Students may think they want more food but 
rarely go back for more. 
§  Downside 
–  Messier tables! 
 
 
 
Any questions? 
Email daubrey@illinois.edu 
chenning@illinois.edu 
 
 
VENI! VIDI! NON-FERICULI! 
I CAME! I SAW! NO TRAYS! 
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APPENDIX	D	
	Waste	audit	for	year	2015,	University	Housing	Dining	Services.			 	 	 	 	 	 	 	 	 	 	 	 	POST	CONSUMERS	WASTE		
TOTALS	2015		 FAR	 ISR	 LAR	 Busey	 PAR	 IKE		 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	12-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 0	 0	 24	 38	 		 		 6	 47	 		 58	L	 		 		 164	 691	 141	 667	 17	 48	 150	 919	 286	 1553	D	 88	 408	 128	 737	 111	 679	 		 		 173	 800	 533	 2023	13-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 47	 237	 46	 261	 		 		 59	 417	 163	 547	
L	 62	 376	 168	 1100	 111	 681	 88	 432	 107	 728	 334	 2067	D	 154	 477	 159	 994	 168	 709	 37	 153	 213	 1097	 508	 2457	14-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 31	 234	 47	 252	 		 		 46	 376	 90	 516	L	 60	 398	 235	 1009	 130	 631	 62	 356	 111	 726	 296	 1921	D	 210	 688	 180	 1031	 257	 697	 23	 166	 223	 966	 402	 2402	15-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 38	 263	 40	 224	 		 		 59	 405	 126	 587	L	 70	 353	 150	 1087	 126	 666	 47	 344	 198	 646	 188	 1967	D	 68	 464	 138	 795	 115	 423	 20	 142	 237	 1069	 472	 2169	16-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 40	 158	 31	 139	 		 		 38	 244	 93	 312	L	 122	 412	 152	 686	 128	 619	 56	 381	 177	 744	 370	 2014	D	 148	 522	 112	 850	 133	 627	 17	 130	 230	 1021	 415	 2140	17-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 41	 296	 51	 210	 		 		 55	 406	 136	 526	L	 113	 474	 171	 763	 133	 661	 58	 607	 168	 720	 435	 1970	D	 		 		 102	 750	 104	 497	 16	 85	 181	 1307	 446	 1954	
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18-Apr	 		 		 		 		 		 		 		 		 		 		 		 		B	 		 		 		 20	 25	 82	 		 		 14	 111	 30	 125	L	 		 		 228	 703	 121	 516	 62	 356	 167	 933	 229	 1685	D	 		 		 96	 643	 130	 613	 23	 166	 150	 1084	 218	 1791	
	 1095	 4572	 2380	 13047	 2172	 9892	 526	 3366	 2762	 14766	 5770	 30784	Oz.	pp.	 	 3.83	 	 2.92	 	 3.51	 	 2.50	 	 2.99	 	 3.00		 	 	 	 	 	 	 	 	 	 	 	 		 	 	Total	
LBS	 Total	Patrons	14179	 73061	Per	Person	 3.11		Notes:	 	Does	not	include	beverage	waste	Does	include	disposable	napkins			 Meal	not	served	
		 Post	consumer	trash	weighed	at	next	meal	period			 																				
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APPENDIX	E	
	Waste	audit	for	year	2010,	University	Housing	Dining	Services.			
POST	CONSUMERS	WASTE	
TOTALS	2010	 		 		 		 		 		 		 				 FAR	 ISR	 LAR	 PAR	 IKE			 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	 LBS	 Patrons	5-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 0	 0	 24	 38	 6	 47	 		 58	L	 		 		 203	 691	 171	 667	 190	 919	 386	 1553	D	 110	 408	 208	 737	 141	 679	 273	 800	 633	 2023	6-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 67	 237	 66	 261	 79	 417	 183	 547	
L	 80	 376	 211	 1100	 151	 681	 207	 728	 384	 2067	D	 176	 477	 221	 994	 218	 709	 313	 1097	 638	 2457	7-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 36	 234	 67	 252	 56	 376	 120	 516	L	 81	 398	 315	 1009	 170	 631	 251	 726	 436	 1921	D	 333	 688	 240	 1031	 307	 697	 521	 966	 1202	 2402	8-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 58	 263	 60	 224	 69	 405	 156	 587	L	 86	 353	 180	 1087	 156	 666	 238	 646	 528	 1967	D	 83	 464	 287	 795	 165	 423	 277	 1069	 572	 2169	9-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 50	 158	 41	 139	 49	 244	 103	 312	L	 135	 412	 202	 686	 179	 619	 247	 744	 470	 2014	D	 163	 522	 173	 850	 169	 627	 280	 1021	 615	 2140	10-Dec	 		 		 		 		 		 		 		 		 		 		B	 		 		 61	 296	 61	 210	 75	 406	 176	 526	L	 125	 474	 280	 763	 173	 661	 278	 720	 535	 1970	D	 		 		 118	 750	 118	 497	 221	 1307	 646	 1954	11- 		 		 		 		 		 		 		 		 		 		
	 107	
Dec	B	 		 		 		 20	 25	 82	 16	 111	 40	 125	L	 		 		 258	 703	 161	 516	 237	 933	 529	 1685	D	 		 		 126	 643	 169	 613	 203	 1084	 518	 1791			 1372	 4572	 3294	 13047	 2792	 9892	 4086	 14766	 8870	 30784	Oz.	pp.	 	 4.8	 	 4.04	 	 4.52	 	 4.43	 	 4.61		 	 	Total	
LBS	 Total	Patrons	20414	 73061	Per	Person	 4.47		Notes:	 	Does	not	include	beverage	waste	Does	include	disposable	napkins			 Meal	not	served	
		 Post	consumer	trash	weighed	at	next	meal	period				
